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LETTER 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 

TitAMSurrnMO 
lite atmual report of the Smitluonum Institution for the year 1871. 



SMiTHsomAN Institution, 

Washington, April 15, 1872. 
SiE: In behalf of tlie Board of Eegents, I have the honor to submit 
to the Congr«as of the United States the annaal report of the opera- 
tions, expenditores, and condition of the Smithsonian Institntion for 
the year 1871. " ' 

I tiave the honor to be, very respectfully, yonr obedient aervant, 
JOSEPH HBHEY, 
Seeretary Smithsonian Institution. 
Hon. S. CoLPAi, 

President of the Senate. 
Hon. J. G. Blainb, * 

Speaker of the House of B^reaentativea. 
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ANNUAL REPORT OF THE SMITHSONIAN INSTITDTION FOB 187L 



This docnmeiit contains: X. The programme of organization of the 
Smithsonian Institution. 2. The annual report of the Secretary, giving 
an account of the operations and condition of the establishment for the 
year 1871, Trith the statistics of collections, exchanges, meteorology, &c. 
3. The reitortof the execativecommitteefexhibitingtheflnancialafiairs 
of the Institution, including a statement of the Smitbson fund, the re- 
ceipts and expenditures for the year 1871, and the estimates for 1873. 
i. The proceedings of the Board of EegentB. 6. A general appendix, 
coDfiisting principally of reports of lectures, translations from foreign 
journals of articles not generally accessible, but of interest to meteor- 
ologists, correspondents of the Institution, teachers, and others inter- 
ested in the promotion of knowledge. 
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PROGRAMME OF ORGANIZATION 



SMITHSOIIAN INSTITUTION, 



[PRESENTED m THE FIEST ANNUAL REPORT OF THE SECRETARY, AKD 
AI>OPTED BY THE BOARD OP REGENTS, DECEMBER 13, 1847.] 



INTEODUCTION. 



General conaideratwm which should serve aa a guide in adopting a Plan 
of Organisation. 

1. Will op Sjothson. The property is beqneatbed to the United 
States of America, " to fonad at Washingtoo, under the name o£ the 
SxiTHSONiAN INSTITUI'ION, au estahlishmeDt for the iDcrease and dif- 
fdsion of knowledge among men." 

2. The bequest is for the benefit of mankind. The Government of 
the United States is merely a tnistee to carry out the design of the 
t«8tator. 

3. IJhe Institution ie not a national establishment, as is firequently 
snpposeil, bnt the establishment of an individual, and is to bear and 
perpetnate his name. 

i. The objects of the Institution are, Ist, to increase, and 2d, to dif- 
fnse knowledge among men. 

5. These two objects should not be confounded ^ith one another. 
The first is to enlarge the existing stock of knowledge by the addition 
of oev truths ; and the second, to disseminate knowledge, thns Increased, 
among men. 

6. The will makes no restriction in favor of any particular kind of 
knowledge ; hence aU branches are entitled to a share of attention. 

7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths ; and can be most exten- 
sively diffused among men by means of the press. 

S. To effect the greatest amount of good, the organization should be 
sach as to enable the Institution to produce results, in the way of in> 
creaetog and diffusing knowledge, which cannot be produced either at 
all or BO efficiently by the existing institationB in our country. 
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9. The organization ehonld also be such as can he adopted provis- 
ionally J can be easily reduced to practice ; receive modifications, or be 
abandoned, In whole or in part, without a sacrifice of the funds. 

10. In order to compensate in some measare for the loss of time occa- 
sioned by the delay of eight years in eBt^blishing the Institution, a- 
cooBiderable portion of the interest which has accrued should be added 
to the principal. 

11. In proportion to the wide field of knowledge to be caltivated, the 
fnnds are small. Economy should, therefore, be ponsulted in the con- 
struction of the building; and not only the first cost of the »liflce 
should be considered, but ^o the continual expense of keeping it in 
repair, and of the support of the establishment necessarily connected 
with it. There should also be bat few individnaU permanently sup- 

' ported by the Institution. 

12. The plan and dimensions of the building should be determined 
by the plan of organization, and not the converse. 

13. It should be recollected that mankind in general are to be bene- 
fited by the bequest, and that, therefore, all unnecessary, expenditure 
on local objects wonld be a perversion of the trust. 

14. Besides the foregoing considerations, deduced immediately fh>tn 
the will of Smitbson, regard must be had to certain requirements of the 
act of Congress establishing the Institution. These are, a library, a 
museum, and a gallery of art, with a building on a liberal scale to con- 
tain them. 

SECTION L 

Plan of organization of the Institution in accordance with the foregoing 
dedwetiom from the will of Smitkson. 

To ntCEEASB KHOWLEDQB. It IS proposed — 

1. To stimulate men of talent to make original researches, by offering 
suitable rewards for memoirs containing new truths ; and, 

2. To appropriate annually a portion of the income for particular re- 
searches, under tlie direction of soitable persons. 

To DiFPCSE KNOWLEDGE. It is proposed — 

1. To publish a series of periodical reports on the progress of the 
different brauclies of knowledge; and, 

2. To pabUsh occasionally separate treatises on subjects of general 
interest. 

DETAILS OF THE PLAN TO mOBEA3S KNOWLEDGE. 

I. By atimulating researches. 

1. Facilities afforded for the production of original memoirs on all 
branches of knowledge. ^ .^ ^ (J,QQq Ic 
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2. The tnemdra thug obtaiaed to be pablished Id a series of volumes, in 
a qaarto form, and entitled Smithsonian GoQtributions to Knowledge. 

3. Ho memoir on subjecta of pbyBical science to be accepted for pub- 
lication wbicb does not fumisb a positive addition to boman knowledge, 
resting on original research ; aud all onverified speculations to be re- 
jected. 

4. Each memoir presented to the Institation to be submitted &>r es- 
aminatioD to a commission of persons of reputation for learaing in the 
branch to which the memoir pertains; aud to be accepted for publica- 
tion only in case the report of this commission is favorable. 

5. The commission to be chosen by the officers of the Institution, 
and the name of the author, as far as practicable, coucealed, unless a 
favorable decision is mRde. 

6. The volumes of the memoirs to be exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the col- 
leges and principal libraries in this country. One part of the remaiuing 
copies may be offered for sale, aud the other carefully preserved, to 
form complete sets of the work, to supply the demand from new in- 
Btitntious. 

1. An abstract, or popular account, of the contents of these memoirs 
to be given to the public through the annual report of the Regents 
to Congress. 

IL Bg appropriating a part of the income, annually, to special objects 
of research, under the direction of suitable persons. 

1. The objectd, and the amount appropriated, to be recommended by 
counselors of the Institntion. 

2. Appropriations in diflerent years to difffefent objects ; sortbat In 
course of time each branch of knowledge may receive a share. 

3. The results obtained fix)m these appropriatious to be published, 
with the memoirs before mentioned, in the volumes of the Smithsonian 
Contributions to KJiowledge. 

4. Examples of objects for which appropriations may be made : 

(1.) Sy'stefh of extended meteorological observations for solving the 
problem of American storms. 

(2.) Explorations in descriptive natural history, and geological, mag- 
Detical,and topographical surveys, to collect materials for the formation 
of a physical atlas of the United States.' 

(3.) Solution of experimental proble&is, such as a new determina- 
tion of the weight of the earth, of the velocity of electricity, and of 
light ; chemical analyses of soils and plants ; collection and publication 
of scientific facts accumulated in the offices of Government. 

(4.) Institution of statisticid inquiries with reference to physical, 
moral, and political subjecte. 
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10 PBOGBAMIIE OF OBQAmZATION. 

(5.) Hfstorical researches, aad accurate Borveya of places celebrated 
IB AmericaQ history. 

(6.) Ethnological researches, particularly with reference to the differ- 
ent races of men in Korth America ; also, explorations and accurate 
surveys of the monads and other remaios of the uicient people of our 
country. 

■ DETAILS OF THE PLAK FOR DIFFUSING KNOWLEDGE. 

I. By the publication of a aeries of reports, giving an account of (A« 
new discoveries in science, and of the clmnges made from year to year 
in all branches of knowledge not strictly professional. 

1. These reports will diffuse a kind of knowledge generally iatere8t-> 
ing, but which, at present, is inaccessible te the public Some of the 
reports may be published annually, others at longer inter^'als, as the 
income of the iDstitutiou or tbe changes in the branches of knowledge 
may indicate. 

2. Tbe reports are to be prepared by collaborators emiuentin the dif- 
ferent branches of knowledge. 

3. Each collaborator to be furnished with tbe journals and publica- 
tions, domestic audforeigu, necessary to tbe compilation of bis report; 
to be paid a certain sum for bis labors, and to be named on tbe title- 
page of the report. 

4. Tbe reports to be published in separate parts, so that persons in- 
terested in a particular branch can procure the parts relating to itwith-' 
out purchasing the whole. 

5. These reports may be presented to Congress, for partial distribu- 
tion, the remaining copies to be given to literary and scientific insti- 
tutions, and sold to individuals for a moderate price. 

II. By the pvblieaHon of separate treatises on subjects of general interest, 

1. These treatises may occasionally consist of valuable memoirs, 
translated from foreign languages, or of articles prepared under the 
direction ef the Institution, or procured by offering premiums for the 
best exposition of a given subject. 

2. The treatises should, in all cases, be submitted to a cAnmission of 
competent judges, previous to their publication. 

3. As examples of these treatises, expositions may be obtained of the 
present state of the several iH^nches of knowledge mentioned in tbe 
table o( reports. 

SECTION n. 

Flan of er^nixation, la accordance icitli the terms of the resolutions of 
the Board of Regents providing for tAe ttco modes of increasing and 
, diffusing knotcledge. 

1. Tbe act of Congress establishing tbe Institution contemplated the 
formation of a library and a museum ; and the Board ^ o^ Begents, in- 
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eladiog tbese objects in the plan of organization, resolved to divide 
the income into two equal parts. 

2. One part to be appropriated to increase and diffasa knowledge by 
means of publications and researclies, agreeably to the scheme before 
given. The other part to be appropriated to the formation of a library 
imda collection of objects of nature and art. 

3. These two plans are not incompatible with one another. 

4. To carry ont the plan before described, a library will be reqnired, 
consisting, lat, of a complete coUectioD of the transactions and pro- 
ceedings of all the learned societies in the world; 2d, of the more im- 
portant corrent periodical pDblicatious, and other works necessary in 
preparing the periodical reports. 

6. The Institution should make special collections, particularly of ob- 
jects t« illostrate and verify its own pnblications. 

6. Also, a collection of instmments of research in all branches of ex- 
perimental science. 

7. With reference to the collection of books, other than those men- 
tioned, above, catalognes of all the different libraries in the United 
States shonld be procured, in oi-der that the valuable books first pur- 
chased may be such as are not to be found in the United States. 

8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a center of bibliograph- 
ical knowledge, whence the student may be directed to any work which 
he may require. 

9. It is believed that the collections in natural history will increase 
by donation as rapidly as the income of the Institution can make pro- 
vision for their reception, and, tiierefore, it will seldom be necessary to 
porchase articles of this kind. 

10. Attempts shonld be made to secure for the gallery of art casts of 
the most celebrated articles of ancient and modem sculpture. 

11. The arts maybe encouraged by providing aroom, free of expense, 
for the exhibition of the objects of the Art-Union and other similar 
societies. 

12. A small appropriation should annually be made for models of an- 
tiquities, such as those of the remains of ancient temples, &c 

13. For the present, or until the building is fully completed, besides 
the Secretary no permanent assistant will berequired,exceptone, toact 
as librarian. 

11. The Secretary, by the law of CongresB, is alone responsible to the- 
Begents. Be shall take charge of the building and property, keep a 
record of proceedings, discharge the duties of librarian and keeper of 
the musenm, and may, with the consent of the Begents, employ msist- 
ants. 

15. The Secretary and his assistants, during the session of Congress, 
will be required to illustrate new discoveries in science, and to exhibit 



12 PBOGBAHUE OF OBQANIZATION. 

now objects of art. DistiDgnisbed individoals Bhonld also be invitedto 
give lectures on subjects of general interest. 



The foregoing programme was that of the general policy of the In- 
stitotioa ontil 1866, wben Congress took charge of the library, a&d since 
an appropriation has been made by OovemmeDt for the maintenance of 
the moseom the provisons of Section II are no longer fdUy observed. 
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BEPOHT 

OF 

PROFESSOR JOSEPH HENRY, 

8ECEETAEY OF THE SMITHSONIAN INSTITUTION, 
FOR levi. 



To the Board of Megeats of the SmiiAsonian Imtitution : 

Gentlebien : I have the honor to present herewith another aonniU 
report, in which I am happy to inform you that the financial afbirs of 
the Institution intrusted to your care by the Gorernment of the United 
States are still in a favorable condition, and that its operations during 
the year 1871 have continued to enlarge the bounds of bnmaa knowl- 
edge aod to facilitate the international exchange of scientific truths. 

J¥?wnc«,— The following is a general statement of the condition of 
the Smitbson fund at the beginning of the year 1872, as will be seen by 
a reference to the report of the Executive Conimittee : ' 
Total permanent Smithson fund in United States Treasury. $650,000 00 
In addition to the above there remains of the extra fund, 
derived from savings, &c, in Virginia bonds, at par val- 

ne, $88,125.20; now worth about 36,500 00 

Cash balance in First lifational Bank 16, 315 02 

Amount of congressional appropriation for the fiscal year, 
June 30, 1872, $10,000, one-half of which is available 
Janiiaryjl872 5,000 00 

Total Smithson funds, January, 1872 706, 815 02 

The Virginia stock, which in 1870 was $72,760, has been nominally 
increased to $88,125.18 by the funding of the interest dne, while the 
marketable valoe of the whole has declined from $48,000 to $35,500. 
This fall In the value of the Virginia stock has been due to the nn- 
aettled policy of the State in regard to its public debt. If will be 
recollected that all the other State stocks held by the Institntion, in 
which the savings from the income had been invested, were sold in 
1867, and the proceeds, added, by an act of Congress, to the perma- 
nent fhnd, forever deposited in the Treasury of the United States. 
The Virginia stock was retained, with the confident expectation on the 
part of the majority of the Board of Begents that Its value would 
.Not the slightest idea was entertained that.Virginia. witb 
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all ber resources and a large amount of money in her tieasoiy, would 
hesitate to make provision for the payment of the interest on her bonds. 
It is still confidently expected, from recent indications, that the value 
of this stock will increase. J would, however, recommend that it be 
disposed of as soon as may be, and the proceeds added to the perma- 
nent fund. 

In an institution of this kind no dependence ought to be placed upon 
the contingency of the fluctuation of stocks. I may, perhai>s, in this 
coDnection, be allowed to mention the fact that, to meet the payments 
on the building during its construction, it became my duty from time 
to time to sell portions of the stock in which the building fund had 
been invested. In doing this, by waiting a few days, in some cases a 
considerable profit might have been made, and in other cases a loss 
would have ensued. These fiuctuatioos gave rise to considerable 
anxiety and an unpleasant sense of responsibility, from which I was 
relieved by adopting the rule always to sell on the day in which the 
money was actually required. A similar policy has been adopted in 
regard to the sale of the gold received as the semi-annual interest on 
the permanent fund, which is always disposed of on the day in which 
it is paid by the Treasury, and the proceeds placed to the credit of the 
Smitbson account in the First National Bank. 

The income from the fund during the year, including the premium on 
gold, was $43,192.50. The expenditures were as follows: viz, $9,032.41 
for repairs, and reconstruction of the building, and furniture ; $11,302.64 
for salaries and general expenses ; $16,431,93 for publications and re- 
searches ; $8,132.95 for museum ; $4,455.36 for exchanges, etc. ; mak- 
ing an aggregate of $48,355.29, indicating an apparent excess of, 
expenditures over receipts of $5,162.79. But to balance this excess 
there remained in the United States Treasury, as previously stat^ 
$5,000 of the appropriation for the museum which had not been drawn. 

Besides the foregoing, $20,000 were expended on the building, and 
$4,976 for the) care of the mnsenm fix)m appropriations by Congress, a 
more detailed account of which will be found in a subsequent part of 
this report. 

As stated in the last report Congress has indicated its intention to 
make appropriations for the independent support of the national mu- 
seum, under the care of the Institntion, and hence, in giving an account 
of the operations of the whole establishment, it is proper to divide them 
into two classes, those which relate to the legitimate , objects of the 
Smithsonian Institution and those which pertain to the care and exhi- 
bition of the specimens of the national mnsenm. In the following 
account we shall adopt this division. 

OPERATIONS OF THE INSTITUTION. 

Fvblieatiom. — The publications of the Institution are of three classes 
— the Contributions to Knowledge, the Miscellaneous Collections, and 
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tiie Annoal Beporta. The first cousist of memoirs containing positive 
additions to science resting on original research, and which are gener- 
ally the result of investigationa to which the Institotion has in some 
way rendered assistance. The Miscellaaeons Collections are composed 
of works Inteoded to facilitate the study of branches of natural his- 
tory, meteorology, etc., and are designed especially to indace individuals 
to engage in studies as specialties. The Aonasl Beports, beside an 
account of the operations, expenditures, and condition of the luatitu- 
tion, contain translatioos from works not generally accessible to Amer- 
ica students, reports of lectures, extracts from correspondence, &c. 

Daring the past year the BCTcnteenth volume of the Cimtributiona bas 
bem distributed. It consists of a single memoir, by Lewis H. Morgan, 
esq., of 602 quarto pages. Illustrated by thirteen plates, in three parts: 
First, a descriptive system of relationship of the Aryan, Semitic, aud 
Ur^au families; second, the classiflcatory system of the GanowfiDian 
&inily ; and third, a clasaificatory system of the Turanian and Malayan 
families. This volume has been distributed to institutions in this country 
and abroad, and has met with approval as an important contribution to 
the science of anthropology. * 

The paper on "The rain-fkll in the United States," referred to in the 
last report, bas been printed, bnt it was found necessary to make 
additions and corrections, especially in the charts, which have pre- 
vented its distribution to the present time. 

A short paper by Professor William Ferrel, on "Converging series, ex- 
pressing the ratio between the diameter and the circomference of a 
drcle," which was read before the S'ational Academy of Sciences, has 
been printed during the past year, and will form part of the eighteenth 
volume of the Contributions. 

The papers of <>eueral J. G, Barnard, on "Problems of rotary motion 
presented by the gyroscope, the precession of the equinoxes, and the 
pendulum ;" of Mr. J. N. Stockwell, on " Secular variations in the orbits 
of the eight principal planets;" and of Dr. H. C. Wood, on "Fresh- 
water algffi," have been placed in the hands of the printers during the 
past year, and will also form parts of the eighteenth volume of Contribu- 
tions, to be issued in 1872. 

Another paper in course of publication is by Professor William Hark- 
ness, of the United States S'aval Observatory. It contains the records 
and discussions of a series of magnetic observations by the professor dur- 
ing thecmise of the Monitor Monadnock, from Philadelphia to San Fran- 
cisco, in 1865~'66. The investigation was undertaken because the vessel 
was heavily armored and the voyage extended far into both hemispheres, 
thus affording a favorable opportunity of submitting Poisson's theory of 
the deviations of compasses on iron ships to the test of rigorous observa- 
taons, which had never been done before. The disturbing force acting on 
a compass-needle is expressed aa a function of the forceof terrestrial mag* 
netism, and of certain constants peculiar to the ship upon which the 
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compass is situated. Ilence, iu addition to swinging the Monaduock, or, 
in other words, turning its bow in succession to every point of the horizon 
to determine the deviations of her compasses from the tme north, it was 
necessary to make observations on terrestrial magnetism on shore, and 
these, iu their turn, required the determination of time, latitude, and 
azimuth. The memoir is divided into five sections: Ist, introduction; 
2d, description of stations; 3d, astronomical observations; 4th, observa- 
tions on terrestrial magnetium ; 5th, observations on the magnetism of 
the ship. The results obtained may be summed np as follows : The lati- 
tude of seven points was determined. The magnetic declination, incli- 
nation, aud horizontal force were obtained at seventeen stations, eleven 
of which were in South America. The ship was swung, and the devia- 
tions of all her compasses, seven in number, were observed and compared 
with those deduced from theory at ten places so situated as to afford 
very great changes in the terrestrial magnetic elements. For all these 
compasses the co-efficieuts or quantities necessary to reduce Poisson's 
general equations were determiued separately, with considerable accu- 
racy. The agreement between theory and observation was found to 
be sufficiently exact for the purposes of navigation, but not entirely 
satisfactory iu a scientific point of view. It appears from the results that 
certain parts of the theory require further investigation ; aud from the 
observations it is shown that when a vessel is swung for the first time 
near where she was built it is impossible to make any reliable estimate 
of the changes which the deviations of her compasses will undergompon 
a change of magnetic latitude. 

The memoir of Dr. E. W. Hilgard, on "The geology of Lower Louisiana, 
including the Petite Ause region," mentioned in the last report, has been 
received from the author, and the illustrations put in the bauds of the* 
engraver. 

The work of Professor 8. Newcomb, on "A new orbit of Uranus as 
infiuenced by the perturbations of Keptune and other bodies," is still in 
progress. In the calculation of the tables for indicating the places 
of Uranus, the assistance of Dr. Eampf, late of Germany, has been 
secured at the expense of the Institution. The labors of Professor 
Newcomb are gratuitously given for the advance of science. 

The articles for the Miscellaneoua Collectiom mentioned in the last 
report, viz: DeSaussqre's " Monograph of hymenoptera," Uhler's " Mono- 
graph of hemiptera," and Watson's "Botany of the region west of the 
Mississippi," are still in the course of preparation, and some of them 
will be published during the next year. 

The "Arrangement of the families of MoUusks," by Professor Theo- 
dore Gill, described in the last report, has been published. It forms an 
' octavo pamphlet of 65 pages, and will be of importance in arranging 
the specimens of the national museum, as'well as those of other col- 
lections in this country. 

A fourth edition of the " List of foreign institutions in <»>rrespondeuce 
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with the SmithsoniaD" is now in press, as veil as a similar list, em- 
twadng all Hie soientiflc, ediu^tfonal, and lit«rary establiabmenta in tbe 
Uiiited States, prepu?ed by Mr. Bheea, cbief clerk of tjus Institution. 

Kev editions of tbe following works were printed daring the year: 
Physical and meteorological tables, Catalogae of Smithsonian pnblica- 
tioos, Beview of Ameiican Birds, Classification of ooleopterft, Bibliog- 
i^hy of North American coQohology, Besearches on Hydrobiinse, 
Check lista of fossila, Instructions relative to shells, insects, tornadoes, 
Moseam miscellanea, Oatalogne of birds, &c. 

In addition to the above, the following new circulars of instructions 
have been prepai«d and diatribated : 

Circular relative to observatiODS on thunder-storms. 

Circular relative to theconstnictioD of ligfatuiug-rods. 

Circalar relative to coUectiou of altitudes fh>m railway and caual 
exploratioDB. 

The lustitntion many years ago prepared and published lists of ^ 
words and phrases for collecting vocfU)ularies of the several Indian lan- 
guages ot North America, which weredistribnted to ofBoers of the Army, 
missionaries, Government explonng parties, and private individuals, 
and from these have been received over two hundred separate voeabn- 
laries. These include the tribes of Oregon, Washington, Cidifornia, 
north west coast, New Mexico, Arizona, and the prairies. They have all 
been placed in the hands of George Gibbs, esq., for critical study and 
revision, and after cousaltation with some of the principal philologists 
of the country, it has been concluded to publish them, as it were provis- 
iMially, for distribution, as materials for ethnological and linguistic In- 
vestigatioBB. Mr. Gibbs has Vindly undertaken to saperintend the 
printing, and it is proposed to put them to press immediately. They 
will not only be of great use to the stndent of ethnology, but also be 
(rf practical value to missionaries, teachers, and all who are brongbt 
into intercourse with the aborigines of the country. No publication of 
the Institntioa has been called for more frequently than that of the 
Grammar and Dictionary of the Dakota language. Unfortunately, it 
was pablisbed at an early period of the Institution, and was not stereo- 
typed ; otherwise we would long since have struck off a new edition. 

The Report of the Institntion for the year 1870 was printed, as here- 
tofore, at the* Government expense, and we are gratified to state 
that a larger nnmber of extra copies was ordered than of the pre- 
viona year. The demand for these reports is, however, constantly 
increasing ; and we would renew the recommendation made befor^ that 
Congress not only order a larger edition of the report for the coming 
year, but that a new edition be printed from the stereotype plates of 
previona volumes. In addition to the report of the Secretary, giving 
an account of the operations, expenditures, &c., of tlie Institntioa, and 
the proceedingii of the Board of Regents, the report for 1870 contains 

2"" ■ .„««Google 
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the foUowiog artides: A eulogy on Professor Alexander Dallas Bacbe, 
late SnperinteDdent of tbeCoast Survey, and presideot of the Natiooal 
Academy of Sciences, prepared by Professor Henry at the request of 
the Board of Begents of the Smithsonian Institation ; a lecture on 
Svitzerland, by Professor Bache,toiJln8tratehiB8tyle, with notes, bring- 
iug the snbjeot down to the present time, by Jno. Hitz, esq., consul 
general of that country ; on a physical observatory, by Professor 
Honiy ; memoirs of Arago, Sir John Herschel, Heniy Onstavus Mag- 
nus, Professor Chester Dewey ; an original article on the nature 
and origin of force, by W. B, Taylor, of the United States Pateut- 
Officej a discourse on induction and deduction, by Liebig; an address 
on the relations of food to work and its bearing on medical practice 
by Bev. Samuel Haughton, of Dublin ; a lecture on hydrogen, by Dr. J. 
E. Beynolds ; a lectnre on the identi&cation of the artisan and artist, by 
Guxlinal Wiseman ; the diamond and other precious stones, translated 
from the French of M, Babinet; a large number of original communica- 
tions on ethnology, physics, and meteorology. 

The following are the rules which have been adopted for the distribu- 
tion of the publications of the Smithsonian Institution : 

Ist To learned societies of the first class which present complete 
series of their publications to the Institution. 

2d. To libraries of the first class which give in exchange their cata- 
logues and other publications j or an equivalent, Irom their duplicate 
volumes. 

3d. To colleges of the first class which furnish meteorological observa- 
tions, catalogues of their libraries and of their students, and all other 
publications relative to their organization and history, 

1th. To States and Territcoies, provided they give in return copies of 
all documents published under their authority. 

5th. To pnblio libraries in this country, not included in any of the 
foregoing classes, containing 10,000 volumes, and to smaller Ubmries 
where a large district would be otherwise uusupplied. * 

Cth. To institutions devoted exclusively to the promotion of particular 
branches of knowledge are given such Smithsonian publications as 
relate to their respective objects. 

7th. The Beporta are presented to the meteorological observers, to con- 
tributors of valuable material to the library or collections, and to per- 
sons engaged in special scientific research. 

Exchanges, — The system of international exchanges has been largely 
increased iu'extent and cflSciency during the past year. The number of 
foreign establishments to which the Smithsonian and other publications 
are distributed, and from which returns are received, now amounts to 
nearly two thousand. The system includes not only all the first-class 
libraries, and societies of established reputation, but also a considerable 
number of the minor institutions of the Old World. The following 

,iz.dbyGoOgle 
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taUe ezhibiU the nnmber of foreij^ iDstitations in cacb conntr; with 
which the Smithsoaian is at preseat iu correspondence: 



Swedeo ... 
Norway . . . 
Iceland . . . 
Denmark . . 



154 



Turkey 

Africa 

Asia 

Anstralia 

New Zealand 

Polynesia 

South America . . . 

West todies 

Mexico 

Central America . 
Britiah America . . 
Gteneral 



Total 1,937 



Holland 65 

Germany '. 573 

Switzertand 63 

Eelginm 126 

France 190 

Italy 149 

Portugal 20 

Spain 11 

GrcatBritain and Ireland .. 323 

Greece 6 

During the year, 1,778 packages, containing many thonsand diffierent 
articles, were transmitted to foreign countries. These packages filled 
108 large boxes, having a cubical content of 772 feet and weighing 
29,950 poands. The parcels received at the Institution for parties in 
this country, in addition to those for the Smithsonian library, numbered 
3,952. 

As in previous years, the Institution has received imi>ortant aid firom 
various steamer and railroad lines in the way of tree freights, without 
which the expense of carrying on the system would be for beyond the 
means at onr command. Acknowledgment is again due for tbe liber- 
^ty of the following companies : Pacific Mail Steamship, Panama Bail- 
road, Pacific Steam Navigation, New York and Mexican Steamship, 
New York and Brazilian Line, North German Lloyds, Hamburg Ameri- 
cao Packet, French Transatlantic, Inman Line, Cunard Line, Anchor 
line. Union Pacific Railroad. The Adama Bxpress Company also 
contiones its liberal policy in regard to freight for the Institution. 

The advantages which result from the international scientific ex- 
changes have become so apparent that establishments similar in this 
respect to the Smithsonian are beginning to be formed iu different parts 
of Bnropc. A central scientific bureau for the Netherlands has been 
established in Amsterdam, the object of which is to receive and trans- 
mit packages for different parts of the world, and in this country to 
co-operate with the Smithsonian Institution. 

The international exchange is not confined alone to the transactions 
and proceedings of societies, bat also includes scientific works of indi- 
viduals. We frequently receive firom persons abroad who can afford 
the cost, copies of works to be gratuitously distributed among insti- 
tntionB and libraries in this country, and also scientifio works from 
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peraoDR in this cooDtry to be diatribated abroad. Id moat caaes the Ikt 
of distribntioQ is made oat by the party sending the copies, bat some- 
times the selection of recipients la left to the lastitation. Among the 
articles diatribated in this way which we shoald have mentioned in the 
last report, is the qarrative of an exploration to Masardo, the capitid of 
the Western Mandigoea, through the country east of Liberia, by Beqja- 
min Anderson, a yonng man of pure negro blood. The narratiTe was 
printed without correction ftvm the original manuscript at the expense 
of Mr. H. M. ScbiefiTeliD, of New York, and nearly the whole of the edi- 
tion was presented to the lostttution for distribution. 

The labors of the Institution in the way of exchanges can scarcely be 
too highly estimated. Whatever teuda to enlarge the sympathies of 
individuals and of nations, to render the progress of thought in each 
country common to all, mast serve an important end in advanc- 
ing the world in intelligence and morality. The works which are re- 
ceived through this system,by the several institutions of the United 
States, contain the' records of the advance of science in all foreigh conn- 
tries at t&6 present day. They do not consist of ordinary books, bat 
^tecial aeconnts of the actual increase of knowledge by the haman 
femily, or an aoeonnt of that which conatitntes the advance of man in 
a higher and wider intellectual developm«it. 

To aftord iuformation as to the regulations adopted for transmitting 
packages Intended for exchange, a circnlar, of which the following is a 
copy, has been widely distribnted : 

1. Every package, • without exception, must be enveloped in strong 
paper, and so secured as to bear separate transportation by express or 
otherwise. 

2. The address of the institution fmr which, or the individaal for whom, 
the parcel is intended must be written legibly on the package, and the 
name of the sender in one comer. 

3. No single package mast exceed the half of a cubic foot in bulk. 

4. A detailed list of addresses of all the parcels sent, with their con- 
tents, must accompany them. 

5. No letter or other commnuication can be allowed in the parcel, 
excepting such as relates exclusively to the contents of the package. 

6. All packages mast be delivered in Washington ftee of fkvight and 
other expenses. 

UolesB all these conditions are complied with the parcels are not for- 
warded from the Institution ; and on the failure to comply with the 
first and secAid conditions, they are returned to the sender for correction. 

The Institution recommends that every parcel should contain a blank 
acknowledgment, to be signed by the recipient and returned through the 
agent of the Institution, or, what is still better, directly by mail to the 
sender. Should exchanges be desired for what is sent, the fact should be 
explicitly stated on the accompanying circular. Much disappointment is 
fteqnently expreeaed at the absence of any return in kind for transmia< 
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■ions ; bnt onless these aie specifically a^ed for Uiey will l^il in many 
ioBtaQces to be made. It will facilitate the labor of tbe loBtitntion 
rery greatly if tbe nomber corresponding to the several addresses in 
the Smithsonian print«d catalogae be mailed on tbe &Ge of each 
parcel ; and for this parpose a ct^y of the work will be forwarded to 
all who f^i^y for it. 

Spedmens of natural history will not be received for transniisslon, 
onless with a previoos noderstanding as to their character and bnlk. 

Library, — The accessions to the library daring the last year bom the 
foreign exchanges have not been as large as they were the year before, 
OD acooont of the war between France and Germany. 

The followioe is a statement of the books, maps, and charts received 
by exchange in 1871, and which have been deposited in the National 
Library in accordance with arrangements made several years ago, 
and fiilly explained in previous reports: 

Yolomes ; 

Qnarto, or larger _. 277 

Octavo, or leas .' «59 

936 

Parts of volnmes : 

Qnarto, or larger.. 625 

Octavo, or less 1,156 

1,781 

Pamphlets : 

Qnarto, or larger 316 

Octavo, or less 1, 482 

1,798 

Maps and charts 83 

Total receipts 4, 597 

The following are some of the larger foreign donations received by 
tbe Smithsonian Institntion in 1871 : 

From the Eoyal University of Sorway, Christiania : 14 volumes, 37 
pamphlets, and 3 charts. 

Bergen Mosenm, Bergen, Norway : 11 volumes and 31 pamphlets. 

Baesian government, St. Petersburg : Engineering Jonmal, Artillery 
Journal and Ordnance Magazine for 1870 ; Caucasian statistics, 1869; 
Appendix to the Code of Laws, 1869. 

Statistical borean, Stockholm : Contributions to Swedish statistics, 26 
part«,qiiarta 

Emperor of Germany : " Prensaen's SchlSsser nnd Besidenzen," vol. xi, 
folio ; and " Scriptores rerum Prnsaicamm," vol. iv. 

F. Tieweg & Son, Braunschweig : 42 volnmes and 12 pamphlets, r . 



'22 BEPOBT OF THE 8ECBETAB7. 

HoBgariaa Academy of Sciences, Pestti : 16 volnmefi aad 63 parts, 
reports transactioiis, &c. 

TTniversityof Pesth: 44 pamplilets, iuaagaral dis&ertatiooe. 

TTniTersity of Leipsic : 104 pamphlets, inaagnral diasertatioiis. 

Fniversity of Gottingen : 70 pamphlets, inaagnral diaBertations. 

TJniversity of Bonn : 44 pamphlets, inaugnral dissertations- 
University of KfinigBberg : 144 pamphlets, inangnral diasertatioDS. 

University of Whrzbarg: SO pamphlets, inangaral diasertationa. 

Board of Admiralty, London : 7 volnmea, 36 charts, and 10 pamphlets. 

British Mnseam: Catalogue of Syriac manascripts, part ii; catalogne 
of prmts ; catalogne of satires, vol. i ; hand list of birds, parta li and ill. 

Boyal Bociety, London : Philosophical transactions, vol. IGO, part i; 
proceedings, 119-123; catalogne of scientific papers, vol. iv; Green- 
wich magnetic and meteorological observations, 1868. 

B. L. Simmonds, London : 18 volumes and 52 jiamphlets. 

Thomason College, Eonrkee : 10 works on Civil Engineering. 

Government Observatory, Sydney, Australia : Observations, 3 volumes 
and 55 parts. , 

Grand Ducal Court Library, Karlsruhe: 5 volumes and 3 parts. 

University of Pisa : 22 volnmes and 40 pamphlets. 

The Minister of Agriculture, Industry, and Commerce, Florence : 27 
volumes and 41 pamphlets. 

Boyal Institution for the Encouragement of 2!'atural Sciences, Tech- 
nology, &o., N^aples : Atti, second series, volumes i-viii ; quarto. 

University of Chili, isautiago : 14 volnmes and 5 pamphlets. 

The value of the Kational Library still continues to be increased 
in the number and character of the books which are annually added to 
it, first by books purchased, second by the Smithsonian exchanges, 
and third by the deposit of books in accordance with the copyright 
law. As we bave said in previous reports, the space for the accommo- 
datiou of this valuable library — now the largest in the United States — 
is far too circumscribed even for the wants of the present time, without 
regard to those of the future. It is, therefore, xiroper to keep tbe propo- 
sition of a new and separate building constantly in mind. The neces- 
sity for such a building is not alone confined to tlie better accommoda- 
tion of the books, but also includes greater facilities for consulting 
them by students, as well as by general readers, in the way of greater 
seclusion in separate spaces, and tbe number of hours during which the 
library is open. With a separate building, certain portions of it at 
least might be accessible during the evening, which, perhaps, would be 
of greater importance to Washington than a similar arrangement iu 
any other city, on account of the large number of educated men in the 
Tfuious ofiQces of the Government, who cannot avail themselves at other 
hours of the great advantage which the library affords for the prose- 
cution of study. 

It may be proper to add, iu this couuectiou, that the lilwary iiow de- 
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pont««l in the Axmy Medical Museum, nomberiDg 20,000 volomes of 
vorks relating to medical subjects, may be considered as part of the 
great National Library, and is rapidly increasing in the Dumber and 
valne of its contents by an annnal appropriation from Gongiesa. 

In accordanoe with the original agreement the use of these books, as 
well as those now in the Capitol, is free to the Smithsonian Institution, 
and we ma; perhaps indulge the hope that the new building for the 
libraiy, which is now contemplated, will be erected on the Smithsonian 
Oroonds, perhaps as an extension of the present building. 

Aa we have said, one source of the increase of the library is the copy- 
right system. The number of these books would be increased, we think, 
and their character greatly improved, if an international copyright law 
were establi^ed, granting to the foreign antbor the same piotectiou 
that is afforded to our own citizens. For example, we would aak, what 
woold be the condition of the wool-grower if the manufacturer of cloth 
in this oountiy had the power to obtain surreptitiously all the wool that 
he uses, paying nothing but for mannfooturing the article T What 
enconragement is thereto an antbor to produce an original work on any 
branch of science when the publisher can obtain one which will eqnally 
well answer his purpose from a foreigner without paying anything T But 
the qaeetion ought not to be decided on considerations even of this 
character ; it belongs to the province of justice and morality. The re- 
sults of the labors of the mind, which form the basis of all human im- 
provement, ought not to be appropriated without remuneration, any more 
than the labors of the hand or of the machine. 

Meteorology. — The impression has prevailed since the establishment 
of the meteorological system by the Government, under the direction of 
the Signal-Corps, that the observatious which have been so long made 
under the direction of the Smithsonian Institution may now be discon- 
tinued. This idea is, however, erroneous. The object of the operations 
of the Signal-Service is principally one of immediate practical utility, 
vie, that of predicting the condition of tlie weather for a day or more 
in advance of the actual occurrence. This it is enabled to do by the 
fact previously established, that, as a general rule, disturbances of the 
atmosphere are propagated over a wide extent of the surface of the 
earth in an easterly direction. Besides the number of stations neces- 
sary for the practical predictions of the weather, a much more numer- 
ons series of stations and long-continued observations are required for 
determining the peculiarities of the climate, or for obtaining such infor- 
mation as mqy satisfy the requirements of the scientist, tlie physician, 
and the agriculturist. It is on this account that the more extended 
observations established by the Institution, and which have now been 
prosecuted for more than twenty years, are continued. It is true we 
vonld be gratified if the charge of this system were transferred to the 
Government, with moie ample funds for its maintenance than can be 
afforded from the income of the Institution. But so long as an arrange- 
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ment of this kind is not effected, it becomes tbe duty of the Institution 
to continue the Bystem vith sucb improvements as the appropriatioa 
vhich can be made on aooonnt of it will allow. During the past year 
the number of stations has remained about the aame, viz, 514, to which 
a large number of additional raia>gaage6 have been dislribateil. Besides 
these, meteorological observations are received ih)m British America, 
Central America, Mexico, Bermuda, and some of the West Indies. 

The tables and deductions of rain-fall have been priat«d, and are 
nearly ready for distribution. 

The discoBsion of all the observations relative to the winds made nnder 
the direction of the Institution is still going on under the supervision 
of Professor CofBn. Like his former work on tbe winds of the northern 
hemisphere, it will consist m^nly of abstracts of observations on the 
relative frequency of l^e different winds, both at the surface of the earth 
and in the higher regions, as indicated by the motion of tbe clouds, with 
their resultant directions, aaA the monsoon infinenoes by which they are 
affected in the different seasons, or montlis of the year. Where data 
could be obtained the actual transfer of the air in miles is also given. 

Where the places of observation are sufficiently runote from each 
otb£r to admit of distinct delineation of tbe results, on maps of the scale 
it is proposed to use, separate computations are made for web ; in other 
cases tbey are grouped by districts. The work will embrace the follow- 
ing material : 

L All the observations reported to the Smithsonian InstitutitMi from 
the year 1854 to 1869, inclosive, with some others in the earUer years. 

II. AH those made at tbe United States military posts, and reported 
to the Surgeon General, from tbe year 1823 to 1859 inclusive*; and all 
those from posts west of tbe Mississippi for the succeeding ten years,, 
np to the end of 1869. , 

III. All those at sea, collected at the United States Xaval Observa- 
tory, so far as they have been published j i. «., over all the oceans be- 
tween the paraUels of latitude 60^ north and south, except a compara- 
tively small portion of the ISorth Pacific lying between the meridians 
160° east and 165° west from Greenwich ; and a few additional obser- 
Tdtions south of Cape Horn. 

IV. Those taken at sea, beyond these limits, by Arctic and Antarctic 
explorers. 

y. Those at several hundred stations in other parts of the globe. 

This material, though very mnch more condensed than in bis former 
work, will still make a considerably larger volume. 

In tbe discussion tbe whole sorface of tbe earth is divided into zones 
by parallels of latitude drawn 5° asunder, and observations in these zonea 
investigated in regular order from tbe North to tbe South Pole ; com- 
mencing with the observations in each at the ISOtb meridian from Green- 
wicb, and proceeding easterly to tbe same meridian t^j^ain. Profes- 
sor Coffin hopes to complete the tabular work in the course of two or 

, .1 Xioo'^lc 
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three months, when nothiog 'vill remun to be done but the maps and 
some general dedoctioos. 

To defray the cost of the labor in the preparation of this work other 
than that of Professor Coffin himself, an approbation has been made 
from Uie income of the lostitntioD. The vratld will not only therefore 
be indebted to the Institation for the pabMoatioD of the work, bnt also 
for the collection of the material and a part of the expense of the rednc- 

ttODS. 

I may mention that the prevlons publication by the InstitntJou of the 
Winds of Koith America has been largely made nee of by the English 
Boaid of Trade in constrnctiQg their wind-charts of the northern oceans, 
and that the work now in process of piep«ration will be of especial raloe 
for a similar parpoee. 

The temperature observations are still in progreefe of redoction, two 
compntoTs being engaged upon the work. The progress of their labors 
has, however, frequently been inter^pted by calls from different por- 
ttoDS of the country for reports on the climate of different districts. 

The following is an account of the present conditdoo of this part of 
the general redoctioos : 

The collection and tabalati<Hi, in the tona of monthly and annual 
means, of all acoesnble obserrations of the atmo^beric t«nperatnre of 
the American continent and a^acent islimds, have been completed to 
the close of the year 1870, and extensive tables representing the daily 
extremes, or the maximum and the minimum at the legnlar obseiriog 
hoars, have been prepared. 

An exbanstive discnssion of all the observations available for the 
investigation of the daily fluctuations of the temperature has been 
made, and this part of the work is now ready for the printer. 

The discussion of the annual fluctnations of the temperature has 
been commenced and carried as fbr as the present state of other parts 
of the diecossion would permit 

The constrnctton of a consolidated table ^ving the mean results, 
from a series of years, for each month, season, and the year, at all of 
the stations, which will probably exceed 2,600 in number, has been 
begun and completed for that part of the continent lying north of the 
United Btatee, and also for several of the States. This is perhaps the 
most laboriona, as it is one of the most important parts of the dis- 
cussion. In many of the large dities there are numerous series, made 
by varions observers, at different hoars, all of which have to be brought 
together, corrected for daily variation, and combined to obtain the 
ttoal mean. To give some adequate idea of the time and labor involved 
in the preparation of these tables, it may be mentioned that, in the State 
of New York alone, there are about three hundred series, which are 
derived from nearly two million individual observations. 

Hie principal sources from which the general collection of results 
has been derived, may be eonmerated as follows: ^ CiOO'jk' 
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1. The registers of the Smitlisonian lostittitioD, embraciQg upward 
of three hnndred large folio Tolomes. 

3. The pablicatlons of the Institntion, Patent-Office, Department of 
Agricnltnre, and public documents. 

3. All the pablfshed and unpublished records of the XTnited States 
Army, United States Lake Survey, and United States Coast Survey. 

4. The large volume compiled by Dr. Hough, &om the obserrationB 
made in connection with the "Sew York University system, the records 
made in connection with the Franklin Institute, and tiiose obtained 
fhim numerous observatories and other scientific institutions. 

5. The immense collection of printed slips, pamphlets, manuscripts, 
&c., in the possession of the Smithsonian Institution. 

The work has been somewhat retarded by the collection and tabula- 
tion of the rain-fyi, to the end of 1870 for the Smithsonian stations, 
and to the end of 1871 for the United States military posts. 

Beside the diScassion of the observations on' temperature, rain, and 
wind, there remain those relative to the pressure of the atmosphere, and 
iU humidity ; also those which are classed under the head of casual 
phenomena, such aa thunder-storms, tornadoes, auroras, meteors, early- 
and late fh>8ts, progress of vegetation, opening and closing of rivers, &c. 
These wUl be put in band as soon as the funds of the Institntion which 
can be devoted to meteorology will permit the requisite expenditure. 

Explorations and ooUeetiom As in previous reports, it is proper to 

make a distinction between the collections of the Institntion and the 
specimens exhibited in the public museum. The former are collected 
as a part of the operations of the Institution, to advance science and 
promote general education ; they are usually in great numbers, includ- 
ing many duplicates of the same species. A type specimen of each 
species and variety is deposited in the Kational Museum. The remain- 
der are reserved for distribution to foreign establishments, and to 
societies, colleges^ and academies in this country, alter they hare been 
submitted to scientific investigation and duly assorted luid labeled. 

At the last session of Congress an appropriation was made of $ 12,000 
for the continuance of an exploration of the region of the Colorado of 
the West and its tributaries, by Professor J. W. Powell, to be expended 
under the direction of the Smithsonian Institution. The region here 
mentioned is one of the most interesting in a geological point of view 
of almost any in this or any other country. The Colorado of the West 
and its tributaries traverse chasms in some places over a mile below the 
general surface of the country, and_ present in different places at one 
view sections of the princlpiU members of the known geological for- 
mations of the continent of Korth America. The region surveyed 
lies between the 35th and 39tb parallels of latitude, and the 109th 
and 115th meridians of west longitude. It inclndes the headwaters 
of the Uintah, the Price, the Sau Bafael, the Paira, the Kanab, and the 
Virgin Rivers, the lower portion of the Grand, and a part of the 



BEPOBT OF THE SECBETABY. 27 

Ook>r&do. In tbe year 1870 a general reconnaiasauce of the coantry 
had been made, and several routes through it explored from Salt Lake 
City to the Green and Colorado Bivers, and depositaries of supplies estab- 
lished. The operations of Professor Powell and party under his com- 
mand in 1871, consisted, first, io an exploration of the Green Biver from 
the point where it is crossed by the track of the Union Pacific Railway 
to its Junction with the Grand, or where the union of these rivers forms 
the Colorado of the West, and the exploration of this to the month of 
the Paira; second, the establishment of a base-line in the valley of the 
Kaoab, from whit^ a system of triangles was extended westward to the 
valley of tiie Viripn Biver, southward and eastward to the Colwado, 
and northward to the- Paira; third, a geological sarveyofthe region, 
and the collection of a series of specimens of g^logy and mineralogy ; 
fourth, an ethnological study of the Indians of the region, includidg 
' thur mythology, manners and customs, means of subsistence, language, 
&c^ together with a fall collection of all their implements and articles of 
mum&ctnre. The explorations and surveys of Professor Powell have 
furnished additions to our knowledge of a portion of our public domain 
previouBly but very imperfectly known, which, together with the extensive 
aeries of specimens which he has added to the collections of the Institn- 
tioQ and the National Museum, fiilly repay the appropriation which was 
made from the national Treasury on this account I have certified to 
this effect to Congress, and respectfully commend the application of 
Professor Powell for an additional appropriatiou to complete the snrvey. 
The alleged decrease of the food-flshes of the coast and lakes of the 
United States led to the passage of a law at the last session of Con- 
gress, directing the President to appoint a commisBioner of fish and fish- 
eries, for the pnrpose of making inquiries upon the subject. Professor 
Baird, assistant secretary at this Institution, wliose attention has been 
directed for some time both to tbe scientific and economical relation- 
ships of the fishes, received the ap[K)intment, and proceeded iu June 
last to Wood's Hole, a convenient point on the Massachusetts coast, 
from which to prosecute his inquiries. With the aid of an appropria- 
tion from Congress, and facilities afforded ,by varioos departments of 
tiie Government, he was enabled to carry on an extended research 
during a period of several mouths. In this work be bad the special 
co-operation of Professors Verrill and Smith, of Yale College, in the 
investigation of the invertebrate f^nna of tbe coast in its relation to the 
food-fisbes ; of Professor Gill, of Washington, in the study of fishes 
themselves ; and of Professor Hyatt, of the Boston Society of Natural 
History, Professor Jenks, of Middjeborough, Dr. A. S. Packanl, jr., of 
Salem, and W. G. Farlow, of Cambridge, in other branches of the 
investigation. Among other gentlemen interested in the researches, who 
visited Wood's Hole during the season, were Professor L. Agossiz, Pro- 
fessor J. Gwyn Jeffreys, of Engla|[id, Colonel Lyman, Professor D. C. 
Elaton, Professor W. H. Brewer, Professor J. H. Trumbull, and Professor 
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W. D. Whitney. With this corps of helpers it vas quite possible to 
make a very thorongh exploration of everything connected vith the 
general economical and natnral history of the fauna of the vaterB on 
the soHthern coast of Kew Eoglaad; and while Professw Baird and 
some of his party were engaged in Tisiting different partsof tfaecoast and 
taking testimony as to the actual condition of the fisheries, others o( the 
party were occupied in trawling, dredging, and in otherwise collecting 
the various inhabitants of the sea. 

A large amount of information was gathered which will have an impor- 
tant bearing i^ion the objects of the commission, and of whiob Professor 
Baitd will present a report in fall to Congress atau early date. The inquir- 
ies include numerous observations in regard to currents, temperatures, 
distribution of life at different depths, &c. The collecticms made during 
the exploration were very extensive, embracing a full series of all the 
fishes of the coast, as well as of the invertebrates, fh>m which sets will * 
be made up for distribution by the Institution. Among other results of 
the expedition should be mentioned a series of nearly three bandied 
photographs of a large size, representing all the fishes found, in their 
various stages of growth, the whole constituting an almost uniqae otA- 
lection of portraits, and especially important as relating to the larger 
fishes, like the sharks, rays, sturgeons, tannys, sword-fish, &c. 

Dr. Hayden, in the prosecution of his researches as United States 
geologist for the Territories, gathered very large collections of miner- 
als, skins of mammals and birds, eggs, &c., filling forty-five boxes, 
illustrative of the natural history of Montana, and of the region about 
the head-waters of the Yellowstone, a report of which he has presented 
to the Secretary of the Interior. This exploration has excited a great 
degree of interest) on account of the wonderful series of geysers and 
remarkable scenery, of which it has furnished an authentic description. 
Indeed such has been the interest manifested in the Yellowstone dis- 
trict that a proposition, originally made by Mr. Catlin as early as 1832, 
has been revived and presented to Congress, to reserve the country 
around these geysers as a public park. It is thonght this proposition 
wilt be adopted by the Gtovemment ; and if so, we doubt not that in 
time the Yellowstone region \FiIl become a favorite resort for travelers 
from every paft of the world. 

After reserving a full set of the specimens for the National Mnseum 
the duplicates of Haydeu's collections will be made up into sets for dis- 
tribution. 

Among the persons to whom the obligations of the Institution are 
particularly due for the magnitude and variety of contribution of speci- 
mens we should mention Mrs. John M. McMinn. She gave the 
valuable herbarium described in the last' report, and has since pre- 
sented the entire collection of objects of natural history belonging to 
her late hasband, who was for many years a correspondent of the In- 
stitution. This gentleman had accifmulated large numbers^ of minerals, 
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fosEtils, plants, &c., which filled twenty-six boxes, and were presented 
to the Institation to be used as it might deem best for the interest of 
ectoice. iltmjot the specimens are duplicates, but are valuable as 
material for disthbatioo. 

To Mr. George A. Boardman the Institation is indebt«d for extensive 
collections of birds and skeletons from Florida, and also three complete 
skeletons of the moose from Kova Scotia. 

To his son, Mr. Charles A. Boardman, and to Mr. 3. W. Smith we 
owe acknowled^nents for fine specimens of the moose and cariboo. 

J>r. Yarrow, assistant surgeon United States Army, Fort Macon, 
North CaroUna, has sent a large collection of skulls and skeletons of 
the porpoises of the southern coast,' as well as many Indian relics, 
fishes, shells, &e. 

From Professor Sumichrast we have received additional collections of 
birds, reptiles, &o., illnstrative of the natural history of Tehuantepec. 
The name of this gentlemwi has frequently been mentioned in previooa 
reports as a large cootribatcNr to the Smithsonian Collections. 

Captain Charies Bryant, in charge of the fur-seal islands of Alaska, 
has contributed full series of skins, skulls, and skeletons of seals, 
walrus, &C., abounding In that region. 

To the Army Medifial Museum the Institution is indebted, as hereto- 
fore, for Dumeions specimens in ethnology and natural history, in ac- 
cordance with an arrangement made several years ago, by which, in 
consideration of the transfer to it ftom the Institution of human crania, 
all other otrjeets of an anthropological character received by that mn- 
seam were to be placed in the Smithsonian Collection. 

Some intweeting specimens have also been received ftom the Depart- 
ment of Agrioolture naiet a similar arrangement of exchange. 

Dr. Destmges has contributed the skeleton of a doth, and Mr. Henry 
Hague that of a Guatemalan tapir ; Professor Poey a skeleton, and Dr. 
Qundlach a specimen m aloohol of sohnodtm, a rare insectivorous 
mammal of Cuba; Mr. Hemberg and Colonel Gibson, skeletons of 
bnffitlo ; Mr. Isaac H. Taylor, of Boston, crania of Sooth African mam- 
mals; Captain Bcammon, of the United States revenue-service, skulls 
of whales and other cetaceans. 

Although but few birds have been received, some valuable specimens 
Cram Veragua were contributed by Mr. Salviu ; tron Brazil, by Mr. 
Albuquerque ; from Buenos Ayres, fix>m the national mnseom nnder the 
charge of Professor Banmeister ; from Labrador, from 0. G. Brewster. 

Mr. Straclian Jones has furnished a number of eggs from the Lower 
Slave Lake, and Mr, Charles E. Bree specimens of eggs of the Larm 
gehutea from Turkey. 

The reptiles received have been principally specimens gathered by 
the naturalists of the Tehuantepec and Darieu expedition. 

Pine specimens of the celebrated Eozoon canadmse have been re> 
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ceived ^m Mr. E. Billings, of Canada, and Dr. Josiab Curtis, <tf 
Chelmsford, Massachnsetta. 

Mr. Brittao lias contribated Permian fossils fix>iii Kansas j Mr. 17. P. 
jiimes, a series of Ohio Lower Silurian fossils ; Mr. S. A. Miller, fossilB 
from Oliio, and a fossil tree-trunk of the genus Paaronivs; Mr. U. M. 
Sbafer, Lower Silurian foaaiis. 

Specimens of woods have been presented by Mr. George Davidson, of 
tfae Coast Survey ; of birds, reptiles, and fishes, from lUioois, by Mr. IL 
Bidgeway ; fishes, reptiles, and Tertebrat«8, by W. H. Clarke, of the 
Tehaantepec expedition. 

As usual, the amount of material received from the Old World ismncb 
leas than that from our own continent, the most noteworthy being a col- 
lection of specimens in alcohol, presented by the mnseum of Bergen, in 
Norway. 

Mr. Knadseu has sent a collection of human crania from the Sand- 
wich Islands. The museum of Wellington, Kew Zealand, under the 
charge of Dr. Hector, bas presented caste of the eggs of the J>inontig 
and Apteryx, with casts of bones of the former animal, and various 
ethnological objects. 

To Mr. Oenio Scott, and to Messrs. Middleton & Carman, of New 
York, the Institution is indebted for specimens of Cybium caiaUa, or 
Cero, a food-fish but lately indicated as occurring on our coast. The 
museum at Bergen has also supplied a nnmber of fishes peculiar to the 
coast of Norway. • 

All the specimens of ethnology and natural history, not at present on 
exhibition in the public mnseum, are now stored in the vest basement, 
and the various operations connected with unpacking, labeling, clean- 
ing, assorting, poisoning, etc, hare been transferred to that part of the 
bnildiug. The necessity of making this transfer in a limited space of 
time involved considerable derangement of the specimens, and much time 
has been occupied during the fall and winter in re-arranging them. This 
work, however, is in great measure accomplished; and Professor 
Baird, with asaistanta, is now occopied in assOTting and classifying the 
material for the porpose of selecting duplicates to be distributed for the 
advance of science. Avery extensive distribntion of specimens has been 
made during the year, partly in the way of giving general series for 
educationid purposes to colleges, academies, and scientific institutjonsr 
and partly in the way of exchanges with the principal mnsenms at home 
and abroad. The amount of work done in the distribution of specimens- 
will be shown in the following table : 
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DUtribuKon ^ iufUcait tptdmnii to the tnd of 187 1. 



Claw. 


DlBtribution in 187). 


Total to the ond 
of 1871. 




Specie*. 


SpeciDi'B. 


Speoies. 


Spwim's. 




Ill 
35 

410 

100 
4S 

151 
.,53. 


156 
40 

477 
100 
100 
304 
3,000 


325 
941 
22,940 
1.841 
2.477 
6,606 
83,712 
583 
1,078 
1,838 
18,603 
4,109 
4,630 
1,295 
1,836 
29 






1.822 










5,311 
16.698 
















2.650 
5,162 










3,000 
151 

1,000 

152 

804 

1 


4,000 
151 

1,400 
152 
204 
55 




10.135 




EUiDological specimeDB 


1,342 










Total ^ 


7,881 


10,139 


152,743 


306.060 



As b»«tofore, a great amount of labor bas been expended in cata- 
loguing the specimeDS received, their enumeration having been carried 
forward from 164,700 to 169,750, the increase representing about the 
average of the last ten years. 

As in previona jearB, the collections of the Institution have been placed 
freely at the service of naturalists in this country and Europe, and large 
numbers of spedmens are now in the hands of collaboratora. Among 
tbeee may be mentioned Dr. Elliott Cones, assistant surgeon, Uoited 
States Army, who has undertaken a critical revision of a special family 
of Bodffitta of North America. This group is very extensive, embracing 
numerous genera'and species differing entirely froDi the corresponding 
families in the Old World. The large amount of material we have placed 
in the bands of Dr. Cones will enable him to solve many interesting 
qoeatjons as to tite geographical distribution and zoological affinities of 
thH family in question. Dr. Cones' memoir on this group will be pub- 
lished by the Institution, and series of type specimens will be distributed 
to other museams. To Professor Cope have been iatrust«d, as before, 
the collections of reptiles, and other material bas been furnisbed to 
I'rofessor Leidy, Professor Marsh, Professor Agassiz, Dr. Stimpson, and 
others. Type specimens of American birds have been sent to Messrs. 
Sclater, Sidvin, and Dresser, of London, for use by them in the prepa- 
ration of descriptive works. ,-- . 
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Iq accordance with the same policy a few years ago the alcoholic in- 
vertebrates were iDtrasted to Dr. Stimpson of the Chicago Academy 
of Scieaces for stady and distribatioa into sets of daplicates. TTufor- 
tunately, however, this collection, althongh deposited in a building 
snppoaed to be fire-proof, wae destroyed in the diBastrons fire of 1871. 
The misfortune was not alone coDfloed to the loss of the specimens, 
bnt included also the results of years of labor of Dr. Stimpsoo, the 
great object of his scientific life, the publication of which was looked 
forward to with interest by all eugaged in the study of natural history. 

The ethnoloffical specimens collected by the Institution to illustrate 
the arts, maaners, and customs of the present Indifuis and the more 
ancient inhabitants of the American continent, are unsuipasBed in 
number and variety, and are constantly increased by special efforts 
in the way of correspondence and small appropriations for explorations. 
The greatest additions to the collections received during the past year 
have been in this department, an account of spme of the more important 
of which will be of interest. 

From Captain C. F. Hall, the intrepid explorer, now, we trust, success- 
fully prosecuting his researches in northern Greenland, we have received 
the entire series of relics of Sir John Franklin, obtained by Captain 
Hall daring bis last visit to the north, as also the relics of the Fro- 
bisber expedition, which wintered on Frobisher Bay several hundred 
years ago. To these were added a number of specimens illnstrative of 
the habits and manners of the Esquimaux, ami showing their relation- 
ship to, as well as their difGerences &om, a corresponding series belong- 
ing to the Esqaimaux of the Mackenzie's Biver region, fhmished to the 
lustitutiML by Mr. B. McFarlane and some of his colleagues of the Hud- 
son's Bay service. 

From the northwest coast of North America specimens have been 
furnished by Mr. George Oibbs, illustrating many points in the ethnol- 
ogy of the savage tribes ; and specimens of dresses &om Mr. Jos. T. 
Dyer. 

Lieutenant Ring has sent specimens obtained from graves in Alaska 
and in British Colambia. Dr. Yates, of Caltfornia, has added to his 
previous donations large Indian mortars and the crahia obtained from 
sundry mounds. 

Dr. Palmer collected for the Institution a very interesting series of 
stone implements from ancient ruins in Arizona, and Mty'or Powell has 
furnished a fall series of the implements, ntensils, dresses, &c, of the 
Indians of the valley of the Colorado. Dr. Irwin, of the Army, has 
also added to this series. 

From Colorado Territory we have specimens from Dr. Berthoud, indi- 
cating, in his opinion, an antiquity of the human race in that region 
far beytrnd that nsnally ascribed to it. 

Additions from New Mexico are represented by specimens of blankets 
and other manufactures of the Navajo Indians; as also by aloom contain- 
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iBg A part of aa anfioisbed blanket, siiowing the mode of wearing, 
presented by Governor Aroy. 

A aeries of bone implemraits of remarkable character, and different 
from any we hitd previously possessed, together with other interesting 
objects Emm ancient graves iu Micbigao, have been presented by Dr. 
Inrin. 

Ur. Andrews has contributed stone implements and other objects 
from Tennessee ; Mr. J. Fisher, very interesting copper implenients, and 
Ur. Peter, stone objects from £entacky> Bev, D. Thompson and Mr. 
Clark have famished stone implements from Ohio. Mr. Hotcbkiss, of 
Loaisiana, has furnished a remarkable series of stone lances and knives, 
Bome of them being of very great length and of beantil'al finish. Mr. 
Eeeoao, of Mississippi, has sapplied a variety of lodiui implements. 

From Georgia we have an extensive collection made by the late Col- 
(mel Floyd, and kindly presented by bis heirs through the mediation of 
Ctdond McAdoo j and from Messrs. W. and A. F. McKinley, a general 
ethnological collection of great value. The accessions l^m Florida are 
quite numerous, but the most important consist of a series of imple- 
ments and crania from the mounds near Sarasota, presented by Mr. J. 
O. Webb. Among these are broken fragments of skulls, completely 
silicified, and quite unique in this respect. Bev. J. Fowler, of New 
Bronswick, has sapplied a valuable collection gathered in his vicinity. 
}^m Mexico we have received a collection of ancient vases of remark- 
able beauty, deposited by Mrs. General Alfred Gibbs ; and another col- 
lection of a similar character, presented by the Natural History Mnseum 
of Mexico ; as also some by Dr. Penafiel, one of its officers. 

Mt. Biotte has furnished an interestiDg scries of diminutive figures, 
dressed to represent the costumes of the aborigines of Guatemala. 

Dj. Flint, of Kicaragua, has sent various siiecimeos of ancient pottery 
obtained near Omatope, and similar articles have been received from 
Dr. Van Patten, obtained in Costa Kica. 

From Peru the most interesting accessions are two mummies from a 
bnrial-place at Arica, accompanied by various articles, presented by 
Mr. Henry Meiggs, the Well-known railway engineer of South America. 
From Brazil we have received a series of the bows and arrows nsed by 
the natives of that country, and presented by Mr. Albuquerque. 

Among tbe most imi>ortant additions to the collections should be men- 
tioned a large number of Lacustrian implements from Switzerland, from 
Professor Pagenstecker, of Heidelberg, Mr. Messikomer, of ^urich, and 
Professor Rutimeyer, of Basle. The latter gentleman has also added an 
extensive series, properly ideuti&ed and labeled, of tbe various kinds of 
domestic animals used by the builders of the lake dwellings. 

An interesting collection was presented by Mr. di Cesnola, United 

States consul to Cyprus, embracing numerous specimens of potterj- 

obtained by him in his excavations in the site of the ancient Idtilium. 

Some of these are believed to be purely Phtenician iu their character, 
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and otliers of a later date, all of them chiiracterized by great beauty and 
size. 

One of the most interesting additions to the department of ethnology 
is the cast of the Tauis stone, on which is a trilingnal inscription re- 
cently obtained from some excavations made at Tanis, on the eastern or 
Pdusiac branch of the Kilo, and belonging to the mnseum of Egyp- 
tian antiquities at Cairo. The ori^pnal is a block six feet high, two and 
a half feet broad, and a foot thick, with the top arched. One side is 
occupied partly by hieroglyphic inscriptions, together with a Greek 
translation of the same, whilea portion of the left side is occupied with an 
equivalent inscription in the Demotic character. This stone occupies a 
position in Egyptology similar to that of the " Bosetta stone," except 
that it is much more perfect, and will probably aid mach in dedphering 
the hieroglyphics. The cast was taken by the instrumentality of Dr. 
Lansing for presentation to Monmouth College, Illinois, but at his re- 
quest and that of Mr. S. H. Scodder, and by permission of the anthori- 
ties of that college, it was sent to the Institution to be copied. Unfor- 
tunately, it was very much broken in the transit, and required patient 
labor on the part of a skillful modeler to restore it to anything like its 
original condition. When this is aocomplished a mold and casts will 
be taken, and the original sent to the college. In this connection we 
may mention that the inscriptions on the stone have been carefully 
studied by Dr. G. SeyfTarth) an eminent Egyptologist, who visited 
Washington for the purpose, and will present a paper on the subject to 
the InstitutioD, for publication. 

Corretpojidence. — As we have said in previous reports, a very large 
amount of labor is devot«d to correspondence. Beside those relating 
to the ordinary business of the establishment, hnndreds of letters are 
received during the year containing inquiries on various subjects on 
which the writer desires information, and also many memoirs which are 
presented for publication. Among the former a large number are re- 
ceived from the five hundred meteorological observers who furnish, vol- 
untarily, records of the weather, and who require frequent explanation 
of special phenomena. Among the papers submitted for publication 
are a large number containing speculations in reference to science which 
in many instances exhibit great industry and profound thought on the 
part of their authors, but which, nevertheless, cannot bo considered as 
positive additions to knowledge founded on original research, and which, 
therefore, iu accordance with the rnlesadopted by the Institution, can- 
not be accepted for publication. On account of the wide diffusion of 
elementary education in the United States, and the general taste for read- 
ing amongall classes, there is uo other partof the world, perhaps, in which 
there exists a greater diffusion of elementary scientific knowledge, and, 
perhaps, more activity of mind directed in the line of scientific thought. 
Much, however, of this, from a naut of proper tntiuuig, and the means 
of experiment and observation to verity deductions from a priori con- 
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ceptions, isnnprodactiTe of positive reenlts. Tbelnstitntion does not dis- 
card aateeedent specnlations provided deductions from them are made iu 
the form of new reaalts which are verified by actual phenomena. It is not 
eiKHigh that a new hypothesis may give a general explanation of a class 
of phenomena iu order that it may be adopted ; it mast do more than 
thiB. It must point out new facts and phenomena which can be readily 
exhibited by experiment or verified by observation. Such advances 
have been made in physical science within the last two bnndred years 
that must of the phenomena which lie, as it were, on the face of Qatnre, 
have been studied and referred to general principles. In order, there- 
fore, to make advances, in general physics, at least, apparatus, as well 
■e training in the ase of it, is essential to scientific research ; and as bnt 
few, comparatively, possess the advantages of these, it rarely happens 
that investigations of mncb importance result from the specnlations of 
the kind we have mentioned. In the line of mathematics, however, 
which requires no extraneous aid, and of natural history, in the stndy 
of which objects are everywhere presented, results of importance may 
be derived from the labors of isolated individuals who have no other 
assistance thui books. 

As a means of adult education, it may be remarked that from the 
first the Institution has encouraged the establishment of lycenms and 
scientific associations in all parts of the country, and as the number of 
these has constantly increased, they have added to our oorrespondence, 
and much more largely duriug the past year than during any one in the 
history of the Institution. 

Miseellaneom items. — In 1863 Oongress incorporated an association, 
under the nameoftheNational Academy of Sciences, which should inves- 
tigate, examine, experiment, and report npon any subject of science or 
art on which information might be required by any department of Gov- 
emmeot. Though this society was in no way connected with the Smith- 
eonian Institution in its inception and organization, yet it is accommo- 
dated with rooms for its meetings in the Smithsonian building, and com- 
munications which are adoptM by it are accepted for publication by 
the Institution. 

A series of scientific inquiries has been referred to this society by 
'different departments of Government, and the investigations in regard 
to them have principally been made nndcr direction of members of the 
academy in this lustltntion. The oi^anization of t^e scientific depart- 
ment of the North Polar Expedition under Captain Ball was intrusted 
by Congress to the ^National Academy, and the procuring of the instru- 
ments and the organization of the scientific corps were principally 
eflected in connection with the Smithsonian Institution. A copy of 
the scientific instructions will be found in the appendix to this report. 

In the law organizing the Light-House Board it is declared that it 
shall consist of two officers of the Army of high grade, two officers of 
the ^avy, and two civilians of scientific reputation, whose services 
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migbt be at the disposal of the president of tbe Uaited States, to- 
getlier with ao officer of the Navy to act as naval secretary, and an 
officer of the Corps of Engineers of the Army, as engineer aecretary. 
From the conimeiicement of the board to the present time, the mem- 
bers from civil life have been the Superintendent of the Coast Survey 
and the Secretary of the Smithgonian Institation. Daring the whole pe- 
riod I have occupied the x>oaitioa of obairman of the committeeon experi- 
ments, and have, with the exception of the sommer I was in Europe, 
devoted my vacations to investigations relative to lie^ting-materi^s, 
fog-signals, and other datiee connected with the light-house service. In 
October, 1871, on the retirement of Admiral Bhnbrick and the ordering 
ofAdmiralJenkinstothecbaTge of the East India squadron, I, being the 
oldest member, was elected chairman of the board. For the discharge 
of the duties of this position, in addition to the time of my summer 
vacation, I have, made arrangements for devoting one day in each week. 
It is proper to observe that my office as a member of the LightrHoase 
Board, although one of mnoh responsibility, and to which I have, during 
the last eighteen years, devoted a large amount of labor, is accompanied 
with no salary, the.expense of traveling and subsistence being de*»yed 
by an allowance of ten cents per mile. 

The services which have been rendered to the Government by the 
Institution ftom its commencement to the present time are deserving 
of recognition. Th^ include not only those connected with the 
National Academy, the Light-Honse Board, investigations now being 
carried on relative to fishes, the care of the Government collections, 
the organization of the natural history portions of the various exploring 
expeditions, the series of investigations made daring the war, but also an- 
swers to the constant applications from members of Congress for infor- 
mation on special subjects. In no case has the Secretary or bis assistants 
received any remuneration for labors thus performed. 

In this connection I may mention that on the occasion of my visit to 
Europe in the sammer of 1870 I was honored by the President of the 
United States with an appointment to represent this country at a meet- 
ing of an international commission, invited by the late Emperor of 
France, to consider the best means of multiplying copies for distribution 
of the original met«r preserved in the archives of the government at 
Paris. TJnfortonately, before the time of meeting arrived, in August, 
the Franco-German war commenced, preventing the attendance of a 
number of commissioners who would otherwise have been present. 
On this account it was resolved to permanently adopt no defiuite 
proposition in regard to the meter, but merely to discuss the various 
questions which might be connected with the general subject. The 
commission remained in session fh>m the 8th to the llth of Angnst, 
and acyoumed to meet again at a more favorable season. 

The Institution has taken moch interest in the historical phenomenon 
of the movement in Japan in regard to the adoption of western civilizatloii. 
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A full set of the publications ofth^Iastitationbasbeeti presented to the 
Dnivereity of Tedo, and arrangemcnta made with itforobtaining meteoro- 
logical obaetvations and specimens of arohiBology and natural history, 
A qiecial request was made by the Institution in behalf of the Jap- 
anese Minister, Mr. Mori, of the principal publishers of school-books in 
tbe Uoited States for such of their publications on education as they 
might see fit to i>reseDt for examination to the Japanese commission. 
Id response to this appUcatiou acknowledgments -are due, for liberal 
donations, to the following publishers; D. Appleton & Co.; A. 8. 
Barnes & Co.; Brew» & Tileston; E. S. Butler & Co.; CInxton, 
BtHUfieD & HaiGBlflDger; B. S. Davis & Co.; BIdredge & Bro.; W. 
Sk Fort«scue; Hari>er Bros.; Holt & Williams; Houghton & Co.; 
IviaOD, Blakeman, Taylor & Co.; J. B. Lippincott & Co.-, Henry C. 
I^a } G. & C. Merriam ; Murphy & Co. ; Oakley, Masou & Co. ; J. W. 
Scbemterhom & Co. ; C. Scribner & Ca ; Sheldon & Co. ; Sower, Barnes 
& Potta; Thompson, Bigelow & Brown; University Publishing Com- 
pany; Wilson, Hinkle & Co.; Woolwo^th, Atnsworth & Co. 

While tbe Smithsonian Institution occupies ground otherwise uncul- 
tivated, it has been its policy from the beginiug to co-operate with all 
other iustitutions in advancing science and promoting education. There 
nnat always exist objects of importance for tbe promotion of which 
ai^ropriatioDB cannot be immediatdy obtained ftom Congress, 
and which, without aid, cannot be properly .prosecuted. In England 
SQoh objects to a limited extent are assisted by funds derived from 
the subscription list of members of the British Association, and by an 
annual grant from the government to the Boyal Society. These appro- 
priations, though producing important results, are far fh>m being ade- 
quate to tbe solution of problems, the number and variety of which 
ace constantly increasing. Wheu we consider the intimate connection 
(kT a knowledge of abstract science with modern civilization, the effect 
which it has had in substituting the powers of nature for slave labor, in 
tiie disco very of laws aknowledgeof which enables man to predict,andiu 
m^y cases to control, the fnture, it must be evident thut nothing can 
bettermarkthe high intelligence of apeople thun the facilities which they 
afliordaBd the means they providefor promoting investigations in this line. 
It is a matter of surprise, however, that so imperfectly is the import- 
ance of abstract science appreciated by the public generally, that un- 
less it be immediately applied to some practical purpose in the arts it 
ia ^most entirely disregarded. 

NATIONAL UDSBmi. 

An appropriation during the last two years has been made by Con- 
gress of 420,000 for the reconstruction of parts of the building destroyed 
by the fire, and the fitting up of rooms for the better accommodation of 
tiie National Museum. This sum, together with about $9,000 from the 
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income of the SroithBonian fand, has been devoted during tfae i^ast year 
to this purpose. 

With a view to the Qltimat« aeparation of the operations of the 
Smithsoni^ Iiistitation from the Natioaat Museum, arrangements bare 
been miule for appropriating the east wing and range to the busiaess 
which may be considered as belonging exclasively to tho essential 
objects of the Institution, and devoting the main building, west wing, 
and towers to the museum. For this purpose the large room on the 
first floor of the east wing, which was formerly used as a mnsenm- 
laboratory and atoi-e-room, has been fitted up with bins and conven- 
iences for assorting and packing the literary and scientific exchanges to 
be sent to foreign countries. Preparation has also been made for re- 
moving the chemical laboratory from the first floor of the east range to 
the space immediat«ly below it in the basement, and for applying the 
whole of the first floor of this part of the building to the business ofBces 
of the Secretary aud his assistants iu the line of what are called tbe 
active operations. 

For the special accommodation of tbe museum the large room in the 
west wing, formerly occupied by the library, has been prepared for the 
reception of cases for mineralogical and geological specimens ; while the 
great ball, 200 feet by 50, in the second story of the main building, has 
been completed aud is now ready to receive the caaes for the anthro- 
pological and other specin^ens. 

Estimates are now before Congress for fitting np these rooms with 
cases for the reception and display of the Government collections ; and 
it is hoped that, in the next report, we shall be able to chronicle the com- 
mencement, if not the completion, of tbe work. 

Tbe changes consequent upon the extension of tbe museum mentioned 
made a re-arraugement nece^isary of the greater part of tbe basement so 
as toobtain additional security againstfire, aud greater conveniencefor the 
storage of fuel, packing-boxes, and specimens. A floor was laid through 
the.basemeut, and new passage-ways opened, furnishing better access 
from one extreme of the building to the other. In introducing tbe fire- 
proof floor into the west wing, advantage was taken of the opportunity 
to increase the height of tbe room below it, and to convert it and the 
adjoining rooms in the west range into laboratories and store-rooms for 
natural history. 

Furthermore, for better security, tbe fire- proofing of the floors of the 
four towers on the corners of the main building has been commenced. 
Tbe rooms in the towers furnish studies and dormitories for the inves- 
tigators in tbe line of natural history who resort to the Institution, 
especially during the winter, to eitjoy the use of the library and the 
collections for special researches. 

Tbe Nortuan style of architecture adopted for the Smithsonian build- 
ing produces ii picturesque efiTect, and, on tbis account, the edifice has 
been much admired. It is, however, as I bj.ve frequently before 
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remarked, one of the most expensive buildiogs in proportion to its in- 
terior capacity whicli could have well been devised; expensive not only 
in its fixst constractiou, but alBO in tbe repairs which are continually 
required to protect it from the influence of tbe weatber, which is obvi- 
ous when the number of projecLioua, towers, and exposed angles is 
considered. 

Tbe building, which from the first has been a drain ou tbe Smithson 
funds, still requires an appropriation for beatitig-apparatus, and for 
uinufd repairs, which, in jostice to the bequest, we trnst will be provided 
by Congress. 

For defraying the expenses of the care and exhibition of the Ifationnl 
Musenm, Congress has annually, for the last two years, appropriated 
110,000. Although this appropriation was more than double that of 
previous years, still it fell short of the actual expenditure. The amount 
of items chargeable to tbe museum during the past year, independent 
of the rent which might have been charged for the rooms occupied, or 
for repairs of tbe building, was a little more than $13,000. Deducting 
from this sum tbe #10,000 appropriated by Congress, and there re- 
remains $3,000, which was paid from tbe income of tbe Smitbson fund. 
A statement of this deficiency has been presented to Congress, and 
we trust that the sum of $15,000 will be appropriated for the same 
purpose for tbe ensuing fiscal year. 

By the completion of tbe large room in the second story and tbe 
appropriation of tbe west wing and connecting range to the s^me pur- 
pose, the space allotted to tbe museum in the Smithson buildiughas 
been increased to about tbi-eefold. It is proposed, as was stated in the 
last report, to devote tbe room in the west wing to specimens of geology 
and mineralogy, and the largo room in the second story to specimens of 
arcbieology and pulsontotogy. As preparatory to tbe fitting up of 
these rooms, a series of designs has been prepared at the expense of 
tbe Institution by B. Waterhouse Hawkins, the well-known restorer of 
the ancient animals wliicb illustrate tbe palicoutology of the Sydenham 
Palace, near Loudon. 

A commencement has also been made in the furnishing of tbe large 
room with casts of some of the larger extinct animals. 

The cast of a skeleton of the Megatherium cuvieri, generously pre- 
sented by Professor H, A. Ward, of Bocliester, has been set up in the 
middle of the room.' This gigantic fossil was first made known to 
tbe scientific world in 1789. It was discovered on the banks of tbe 
river Luxan, near the city of Buenos Ayves, and was subsequently 
transmitted to Madrid. The original bones, of which this specimen is 
a copy, were found in tbe same Fampean deposit, between tbe years 
1831 and 1838, and belong partly to the Hunterian Musenm of the Boyal 
College of Surgeons, and partly to the British Museum. Cuvier, who gave 
it its generic title, thought it combined the character of the sloth,. 
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ant-eater, and armadillo. Professor Owen has, however, shown that the 
Megatheritan was a '* grouod-sloth," feeding on the foliage of trees, 
which it uprooted by its great strength. The extreme length of the 
monnted stceleton is 17 feet ; ita height from the pedestal to the top 
of the spinoos process of the drst dorsal vertebra is 10 feet 6 inches. 
The length of the skoll is 30 inches; the circumference of the skeleton 
at the eighth rib is 11 feet. 

Also in association with the McgtUherium a cast has been placed in the 
same room of the Cohsaochelys atlaSf a gigantic tortoise, a restoration 
fi-om fragments discovered in the Miocene strata of the Sewalik Bills, 
India, and now in the museum of the Asiatic Society of Bengal. It is 
8 f^t 2 inches in leogth by 5 feet 10 in width. 

In addition to tliis, there has been set up a cast of the Olyptodon, a 
representative in Pleistocene times of tlie armadillos of South Amer* 
ica, the original of which was fonnd in 1846, near Montevideo, on the 
banks of the Loxan. It was presented by order of the Dictator Bosas 
to Vice- Admiral Dupolet, who gave it to the museum of his native city, 
Dijon, France, where it is still preserved. 

The two lastrmentioned specitnens were purchased &om Professor 
Ward. 

The basis of the national museum is the collection of specimens 
of the United States exploring expedition under Captain, now Ad- 
miral, Wilkes, originaJly deposited in tbe Patent Office. It was trans- 
ferred to the Institurion in 1858, and since then has been very much 
increased by the type specimens from upward of fifty subse- 
quent expeditions of the General Government, and contributions re- 
sulting from the operations of tbe institution. The character of tbe 
museum will be properly exhibited for the first time after the various 
ari:icle8 are displayed in the new rooms now in preparation for their 
reception. The museum is especially rich in specimens to illustrate 
the subject of anthropology j and it is proposed to bring these as far as 
possible together in the new room in tbe second story, and to arrange 
them so as to exhibit their connection and to illustrate the gradual pro- 
gress of Ae development of the arts of civilized life. 

At present a portion of the Iftrge room in the second story is used 
for the exhibition of the cartoons or original sketches made by the cel- 
ebrated Indian traveler and explorer Mr. George Catlin. The object 
of this exhibition is to induce the Government to purchase tbe whole 
collection of Indian paintings, including sketehes and portraits, the re- 
sult of the labors of npward of forty years of this enthusiastic and 
indefatigable student of Indian life. The entire cotlection, which com- 
prises about twelve hundred paintings and sketches, was offered by Mr. 
Gatlin to the Government in 1846, and its purchase was advocated by 
Mr. Webster, Mr. Poinsett, General Cass, and other statesmen, as well 
as by the principal artists and scholars of the country. A report 
recommending its purchase was made by the Joint Gommitteo on tbe 
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Ijbrary of Conf^ress, but, owing to the absorption of public atteotion 
by the Mexican war, no appropriation waR made for the pnrposc. 
Mr. Catlin made no farther efforts at the time, bat exhibited his 
[Hchires in Europe, where, on acconnt of an unfortunate speculation 
into which, he was led in London, claims were brought against tbetn 
which he had not the means to satisfy. At this crisis, fortunately, Mr. 
Joseph Harrison, of Philadelphia, a gentleman of wealth and patrioC- 
ism, desiring to save the collection for oar country, advanced the means 
f^ paying off the claims against the pictures and shipped them to Phil* 
addphta, where they have since remained unredeemed. Mr. Catlin, 
however, retained possession of the cartoons, and has since enriched 
them with a large number of illustrations of the ethnology of Sonth 
America. Whatever may be thought of these paintings from an 
artistic point of view, they are certainly of great value as faithfnl 
Fepieseotatioos of the person, features, manners^ customs, implements, 
superstitions, festivals, and everything which relates to the ethno- 
logical chai'acteristics of the primitive inhabitants of our country. We 
think that there is a general public sentiment in favor of granting 
the moderate appropriation asked for by Mr. Catlin, and we trust that 
Congress will not fail at the next session to act in accordance with this 
feeling. It is the only general collection of the kind iu existence, and 
any one who has given thought to the snhject cannot but sympathize 
wiUi Mr. Catlin, who, in his old age and after a life of hard labor and 
the devotion of all that hb possessed iu the world to its formation, is 
now anxious to obtain the means to redeem the portion of his collection 
retained as secarity for the payment of claims against him, for the 
means to enable him to finish the sketches that are still incomplete, 
and to secure the whole from dispersion through their purchase by the 
Government. 

BespectfuUy submitted. 

JOSEPH HENRY. 

Washington, January, 1872. 
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ADDITIONS TO THE COLLECTIONS OF THE SMITHSONIAN 
INSTITUTION IN 1871. 

Agricultural Department. — (See MechHng.) 

Atbuquerque, F., Bio Qrande do 8ul, Brazil. — Bow aniit arrows of 
Sootb American Iiidiaos. * 

AUardy C. T., ParJanaoii'a Landing, IlUnois. — Micaceons &late and 
topper pyrites, HliDois. 

Alvarado, 8r. Don. J. J. — Specimen of stalactite, from Costa Bica. 

Andrew, Q.f KnoxviUe, Tennessee. — Indian relics and shells, from Ten- 
Amy Medical iluscum, Washington, D. C. — Btbnological specimens 
from Arizona and Colorado. (See also Irtvin, Dr. B. J. D. ; Weeds, Dr. 
J. F. ; Otis,- Dr. G. A. ; and White, Dr. U. B.) 

Amy, Son. W. M ,F. — EthDological specimens, from New Mexico. 

Baird, Professor S. m. — Forty-seven boxes general collections, Wood's 
Hole, Uassaclinaetts. 

Baird, Mrs. 8. F., Washington, D. C. — Fire-bag of Indians of Hudson 
Buy Territorj* ; sketeton of domestic turliey, Washington, D. C. 

Beardslee, Com. I. A. — Young flying-fisbes iu alcohol, Atlantic Ocean. 

Bergen Museum, Bergen, Norwap. — Box of natural -history collections. 

Berthoud, E, L., Golden City, Colorado. — Indian relics &c., irom Crow 
Creek, Colorado. 

Billings, E., Montreal, Canada. — Specimens of Eozoon canadense and 
cast of trilobite, from Canada. 

Bland, Thomas, New York.— Box of shells. 

Bliss, B. K. & Co., New rori.— Palmetto fiber, from South Carolina. 

Boardman, Q. A., Calais, Maine. — Specimens of birds, fishes, and skel- 
etons, from Florida ; skeletons of moose, from Maine. 

Boardman Charles A., and S. W. Snii7/t.— Skin of moose, from 
Nova Seotia. 

Bree, Dr. C. B. — Eggs of Larus gelastes, from Knstridge Turkey. 

Brewster, C. O., Boston, Massacbvsetts. — Specimens of birds. 

Brittan, H., Thayer, Kansas. — Box of Permian fossils. 

Bryant, Captain Charks. — Skulls, skeletons, and skins of fur-seal, and 
walms, and one box dried plants, from Saint Paul Island, Behring Sea. 

Burr, C. S., Alliance, Ohio. — Box of fossil plants. 

Burroughs, John, Washington, D, C. — Kest audeggof Z'viKlrtnca ofw^Ies- 
tens, from Delaware County, New York. 

Burrows, Mrs. — German horn, and small shoes made at Saint Helena. 

Butcher, M., Prince Edward Island, — Stone axe. (Sent throagb Bev. 
J. Fowler.) 
Carpenter, Dr. P. P.— Box. of shells from west coast of North America. 
Carfenter, W L., Mill Creek, Wyoming Territory. — Larva of insect . 
(borer) in wood. ,-. , 
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Ceanoloy General L. P. di, United Stateg Consul. — Ancient Plioeniciaa 
pottery, Itom the Bite of the ancient Idaltum, Island of OypruB. 

Chahnen, B., Konchibougonack, Netc.Brunawiek. — Anrow-heada. (Sent 
by Bev. J. Fowler.) 

Choate, Isaac B., Oorham, Maine. — Specimens of mlnenUs, ancient 
pottery and arrow-heads, &c. 

Christ, R. Nazareth, Penn^lvania. — Birds* eggs, from varions localities. 

Clarice, John, SowUng Green, Ohio. — Indian stone relics from Ohio. 

Clarice, W. H., Washington, D. C. — Alcoholic collectiona of fishes, 
reptilesj and invertebrates from the Isthmns of Darien. 

Cloagh, A., Fort- Reynolds, Colorado. — Box of specimens of natural 
history from Colorado. 

Colonial Museum, Wellington, New Zealand, {Dr. J. Sector.) — Casts of 
eggs of Dinornis and Apteryx, and ethnological specimens. 

Constable, Major A. G. — Skeleton of mouse. 

Cortelyoa, J. G<a-dner, Somerset County, New Jersey. — Indian stone 
implements. 

Coues,, Dr. Elliott, United States Army. — Pour specimens of albino 
bii-ds. 

Crane, E. S., Surr Oak, Mii^igan Insects and small batrachian. 

Curtis, Dr. Joseph, — Oolite from Florida, and Eozoon eanadense in 
cheImsfordit«, Chelmsford, Massachusetts. 

Curtis, Res. M. A., SiUsborough,- North Carolina. — Specimen of Meno- 
poma alleghanieme. 

Darling, Mt^or, United States Army. — Specimen of peduaculated cir- 
rhiped in alcohol. 

Davidson, Professor George. — Specimens of woods from Alaska. 

De Castro, Diego. — Specimen of six-legged cat. 

Destruge, A., Ouayaquil, Ecuador. — Skeleton of Bradypus tridaetghu. 

Dickinson, E., Springfidd, ^(usocAtuette.— Birds' eggs from Springfield, 
Massachosetts. 

Doane, lAeutenant G. C; United States Army. — Box of minerals, &c., 
from Yellowstone Lake, Montana Territory. 

Dodge, General, — Specimen of oolitic limestone, Oxford, Tama County, 
Iowa. 

Dodge, 8. C, Chattanooga, Tenn^see. — Stone axe from Lookout Mount- 
ain, Tennessee. 

Dodt, Colonel Helenus, {through Dr. E. Palmer.) — "HeUna," or work- 
bag of Mohave Indians, Arizona. 

Driver, G. W., Washington, D. C— ^peoimen of Echeneis from Lower 
pQtomac 

Dunn, A., Salmon River, New Brunswick. — Stone axe and ohisel. (Sent 
tbroagh Eev. J. Fowler.) 

Dyer, Joseph T., Washington, D. C— Ethnological specimens, drosses, 
&e., Alaska. 

Eby, J. W., Indian Bureau. — Minerals and photographs, Utah. 
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Edmunds, jtfr*. Oeo. F., WaaMngion, J). C. — Thirty-one Bpecimens 
bt)pical birils. 

Edwards, W. S., CoaGmrffh, West Virginia. — Box of bird-skins. 

Emtnet, Dr. T. A., New York.~Box of bird-skins from Central 
America. 

Filer, 0. L., Neic Hamumy, Utah. — Indian stone arrow head. 

I^thiam, Tkonuu, United Sta^ cmisul. — Book perforated by ants, 
Saint Helena. 

Pith, WiUiam C, East Sarwich, Mtusaehusetts. — Flint chips and 
UTow heads. 

Fisher, Professor D., United 8tate» Naval Academy. — Shells in alcohol 
from Hilwaakee, Wisconsin. 

Fisher, J., Lexington, ffenfttcfcy.— Ethnological specimens, copper fund 
Etooe, from mounds near Lexington, Kentucky. 

Pimf, Earl, Granada, Nicaragua. — Box of seeds and ethnological 
specimens, Ometepec Island, Kicaranga. 

Floifd, General T. C, Georgia, Heirs of. — Indian stone implements, &c. 

Ford, T. 8., Columbia, Mississippi. — Stone batchet from Mississippi. 

Fowler, Eev. J., Bass Btver, New Brunswick. — Indian relics and sheila 
from Xova Scotia and Kew BmnRwick. 

Pitiler, J. F., Salado, Texas. — Specimen of arrow-head ftttm Texas. 

Furnas, M. W., Brownville, Nebraska. — Specimen of radiating fibrous 



Qentry, J. P., Paducah, Kentucky. — Specimen of clay. 
Gibbons, J. S., Lewes, Delaware. — Section of pine tnmk bored by 
teredo. 
GAbs, Mrs. Alfi^, New Tork. — Ethnological specimetis. (Deposited.) 
Oibbs, George, New Tork. — Box of Indian relics, California. Ethnolog- 
ical specimens from northwest coast. 

Oihson, Colonel 0., United States Army.— Skeleton of bufl&lo, Fort 
Hayes, Kansas. 
Olasco, J. M., Gilmer, Texas. — Specimens of Indian pottery. 
Qoeller, C. L., MiUedgeville, Georgia. — Specimen of supposed tin ore, 
Jefferson County, Tennessee. 

Green, H. A., Atco, New Jersey. — Specimens of fossils and minerals 
from Sew Jersey. 

Green, S. N., Bifaton Station, ffi»tfw»ti/.— Weathered fossils from. 
Kentncky. 

Greer, Colonel James, Dayton, OAio.-~Arte8ian borings, Indian stone 
implements, and specimen of meteorite, from Ohio. 

GuTtdlach, Dr. J,, ffavana. — Specimen of 8olenod<m enha/nus in alcohol. 
Gnrl^, William, Danville, IlHnoia. — ^Box of fresh-water shells ftom 
Central Illinois. 

Bague, Henry. — Skeleton of tapir and box of natural history cotlec- 
tioDs from Goatemala. 

Eitlt, Captain O. F. — Collection of relics of Franklin and Frobis^r. 
cxiA-ditions, and ethnological specimens from Arctic America, o 
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Hancock, E. 51., Waulon, loica. — ^Bos of minerala, fossils, and natural 
history collectioas. 

Hayden, Dr. F. Y. United States Geologist. — Extensive general collec- 
tioas in geology, ethnology, and natural history, from the western 
Territories, (45 boxes.) 

Hayes, Dr. I. I., Philadelphia, Pennsylvania. — Bird-skins from Green- 
laud. 

ffeiligbrodt, L., Austin, Texas. — Bird's eggs, and Indian arrow-heads. 

Hemphill, H., Oakland, California. — Box of shells from California. 

Henry, Professor Joseph. — Di.itoms, &c., from hot springs of Cali- 
fornia. 

Hershey, David, Spring Garden, Pennsylvania. — Prismatic qnartz crys- 
tal. 

Hilgert, Henry, Santa Fi, Kew Mexico. — 2fest of swallovs from Albu- 
querque, New Mexico. 

Hough, F. H., Lowville, X^eic Tork. — Box of birds' nest« and eggs from 
Northern New York. 

HotchMss, Mr., Skreveport, Louisiana. — Flint implements, pottery, 
&c., from near Shreveport. 

Huggins, Lieutenant. — Skeleton of Callorhinus ursinus, Alaska. 

Hurlburt, General S. A., United States minister to Netc Qranada. — Skins 
and skeletons of mountain tapir, Tolima, New Qrauada. 

Irwin, Dr. B. J. D,, United States Army, Fort Wayne, Michigan. — ^Box 
of alcoholic vertebrates, Indian relics, &c., from Arizona. (Through 
Army Medical Museum.) 

James, U. P., CincinTiati, Ohio. — Lower Silurian fossils, {4G species,) 
from Ohio. 

Jeffreys, J. Otcyn, London, England. — Brachioiwds &om the North 
Atlantic. , 

Jones, Dr. Joseph, Sew OrUams, Louisiana. — Specimen pf prepared ^ 
wood. 

Jones, Straehan, Goderich, Canada. — ^Box of birds' nests and eggs from 
Lesser Slave Lake, Hudson Bay Territory. 

June, L. W., Welliiigton, Ohio. — Indian stone relics from Ohio. 

KecTian, T. J. R., Brookkaven, Mississippi. — Two boxes ethnological 
and natural history specimens. 

Kidder, Dr. F., Leesburgh, Florida. — Specimens of pearl-bearing unios. 

Knudsen, Yaldimar,KanKi,Haicaiian Islands. — Skulls of ancieut Sand- 
wich Islanders. 

Lesker, W. T., ToungKomanstown, Pennsylvania. — Indian arrowheads, 

&C. 

Lewis, George H., Atlantie City, Montana Territory. — Fragment of 
fossil turtle. 

Limpert, W. J., Groveport, Ohio. — Specimen of Sphyropicus varius. 

^uce, Jason, West Tisbvry, Massachusetts. — Specimens of rare fishes 
from Martha's Vineyard. , C . O O Q k' 
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MadHto»ky I., Wel/ord, ifetr Brvnmcick. — Arrow-heads. (Seat by Kev. 
J, Fowler.) 

Mactier, W. L., PliiUtdelpUa, Pcnnsplcania. — Egg3 of Bulimus hamas- 
toma. 

Moffuire, J. C, Washington, D. C. — Indian slate hatobet. (Depomte<l.) 

Mamano, Dr. D. J., {through Dr. A. Schott.) — Haman skull carved in 
fossil wood [roni Yucat'an. 

Maiheas, Dr. Washington, United States Army. — Eggs of Archibuico 
ferrvgineus, with head, wings, and feet of parent, from Dakota Territory. 

McAdoo, W. O. — Stone disc from East Tennessee. 

McCoy, John, Black Biver, Neio Brunswick. — Arrow-faends. (Sent by 
Rev. J. Fowler.) 

MeKinleg, W.andA. T., Mille^genUef Oeorjrto.— .Box of flint implementa 
and ancient pottery, Oconee River, Qeorgia. 

lleMinn, Mrs. J. — ^Twenty-six boxes geological, mioeralogical, and bo- 
tanical Bpecimens, the collections of the late John Itf, McMinn. 

Mclfaughton, R., Mumford, New York. — Calcareous tafa from Monroe 
Connt?, New York. 

Mechling, Mrs. F. E. D., (through Agricultural J)epar(nien(.>— Speci- 
mens of i^ptiles, fishes, birds, &c, from Belize, British Honduras. 

Meiggs, Denry, Litna, Peru. — Two boxes Peruvian mummies. 

Meigs, Oenerat M. C, Quartermaster Oeneral United States Army. — 
Skin of Phoca pealU, from Alaska, and Indian relics from Montana ; 
minerals Galena, fluor spar, &c) from Bosiclare, Illinois. 

Merriam, C. Hart, White Plains, Seio York. — Birds' eggs and neeta 
from New York. 

MerrittfJ. C,,Farmingdale,New Forft.— Arrow-heads from Longlslandi 
Sew York. 

MiUa; F; West Farmington, OAto.— Box of fossils. 

MiUer, J. Imbrie, — Splinter of calcined wood, Oognn Camp, Central 

MiUer, 8. A., Cincinnati, Ohio. — Fossil wood, Lower Silarian fossils, 
and Indian relics from Ohio. 

Morrison, E, H., Newark, New Jersey. — South Aft'ican birds' eggs. 

MuuH, Dr. G. E., United States Army. — Package of diatoms from Fort 
Wadsworth, Dakota Territory. * 

Museo Publico, Buenos Ayres. — Box of birds, mammals, &c, from the 
Argentine Bepublic. 

National Museum of Mexico. — Ancient pottery from Mexico. 

Orion, Professor Edward, Yellow Springs, Ohio, — Box of fossils from 
Ohio. 

Otis, Dr. 6. A., Army Medical Museum. — Painted scapula of Buffalo. 

Packard, Dr. A. 8., Salem, Massachusetts. — Eggs of llsh from Salem 
Harbor. 

Pagenatecker, Professor, Stidelberg. — Box of Swiss pre-historic relics 
from Lake Dwellings. , OoOqIg 
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Palmer, Dr. E., WasMsgtoa, D. C, — Seven boxes and one bale general 
colIectiou8 from Arizona; two boxe» sknlls of cetaceaos from Welldeut, 
Massachusetts. . 

Penafiel, Dr. Antonio, City of Mexico. — AncieDt pottery from Mexico. 

Pence, J. B., Frankfort, Ittdiana. — Meteoric dastfroiusnr&ceof snovr. 

Peter, Dr. R., Lexington, Kentucky. — Indian stone relics from Kentucky. 

Peters, Henry, New Smyrna, Florida. — Eggs of Ortyx virginianm. 

Petton, W. T., New York. — Creosotized wood from New York Creosotiz- 
ing Works, 157 Broadway. 

Poey, Professor Felipe, Havana. — Skeleton of Solenodon cuhanus. 

Pourtalea, Count L. F. De. — Series of braoliiopods from deep-sea 
dredgings in Galf Stream. 

Powell, Mr. Joseph, United States consul. Port Stanley. — Horn of wild ox 
from Falkland Islands. 

Powell, Major J. W., Normal, /ZK«ow.— Two boxes and one bale of tJte 
clothing and implements, Colorado. 

Bidgwa^ R. — Birds and reptiles from Mount Carmel, Illinois. 

Ring, lieutenant F. M., United States ^rmy. — ^Two boxes Indian relics 
from Alaska. 

Biotte, Sr, PeSro. — Twenty-seven dressed figures made by Indians of 
. Guatemala, and representing native costumes of that country. 

Rutimeyer, Professor. — Lacustrine antiquities, bones, &c, Switserland. 

Salt Jjoke Mmeum. — Two boxes minerals, fossils, and ethnological speci- 
mens, Utah. 

Salvin, 0., and Sdater, P. L., London, — Specimens of birds fifom Ve- 
ragua, Columbia. 

Sartorius, Dr. C, Huatasco, Jlf&rico.— Box of specimens of natural his- 
tory; box of living plants from Mexico. 

Scammon, Captain C. M., United States Revenue Marine. — ^Nondescript 
baleen and parasites from cetaceans, S'orth Pacific; baleen of hump- 
back ; skull and baleen of small whale from Puget Sound ; general col- 
lections fit)m Northwest coast. 

Schenck, Dr. J., Mount Carmel, Illinois. — Specimen of salamander from 
Southern Illinois. 

Scliott, Dr. A,, Georgetown, D,. C. — ^Two arrows of Papago Indians of 
Sonora. 

Schlucker, P. F., Sattimore. — Specimen of asbestos from Maryland. 

8chv^, N., Panama. — Head of Peru\'ian mammy and specimens of 
ancient pottery from Peru. 

Seott, Cenio C, New York. — Fishes preserved in ice. fCybium 0(Otalla.J 

Scroggins, 8. R., Baltimore, Maryland. — Specimens of Hsb. (Megalt^t 
thria8oUles.J 

Sears, Joseph C, East Dennis, Mussackusetts. — Indian grooved stone 
pestle. 

Scliaffer, D. M., CinHnnati, Ohio. — Lower Silurian fossils from Ohio. 

Shirley, James, Welford, Kent County, New BniMwicfc.— Stone chisel, 
(sent by Bev. James Fowler.) 
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Smith, n. ff., San Francisco, Caiifarnia. — Seed vessels of lily. 
Spear, Dr., United States Canal survey of the Isthmus of Tekuantepec. — 
Three boxes of general collections, Tehuantepec. 
Squier, E. O,, New York. — Specimens of potter; from near Lima, Pern. 
Steams, R. E. C, Petaluma, California.— Box of birds' nests and 

«Jg8,&C. 

Sl^hens, T. H., Jacksonville, Florida. — Skull of alligator and skins of 
gars, Florida. 

Sterling, Dr. E., Cleveland, Ohio. — Cast of roe of muskelonge from 
Saginaw Biver, Michigan ; casts of fresb-vater flsli. 
Sternberg, 0. M., Fort Sarker, Kansas. — Skeleton of bnffalo. 
Sumickrast, Dr. ^.— Two boxes nataral history specimens firom Mexico. 
Taylor, George, Washington, D. C. — Head of Rhynduyps nigra, Cape 
Slay, New Jersey. 

Taylor, Isaac IT., Boston, Massachusetts. — One box skulls, Soutli Afri- 
can mammals. (Through G. S. Boardman.) 

Thompson, Rev. D., Milnersville, Ohio. — Box of ethnological specimens, 
fossils, &c. 

Thompson, J. H., Sew Bedford, Massachusetts. — Box containing three 
fish. 

Tilton, B. M., Chilmaric, Massachusetts. — Specimen of Blepharts, is 
alcohoL 
Treat, Mrs. M., Vineland, New Jersey. — Specimen of living serpent 
Turner, Lucian, Mount Carmel, Illinois. — Fishesfrom Southern Ulinois. 
Tumen, Samuel, Mount Carmel, Illinois. — Birds from Wabash County, 
Illinois. 

Vnivernty of Christiania. — Sparagmite from Norway. 
University of Louisiana, Baton Rouge. — ^Two boxes of Indian stone 
reUcs. (Deposited.) 
Tan Patten, Dr. — ^Ancient pottery from Costa Eica. 
Vaux, William S., Fhiladslphia. — Ethnological specimens, casts, &c. 
Terstentkoff, A., Saint Paul Island, Alaska Territory. — Skull of fox. 
Yortisch^ Rev. L. — Ethnological specimens, Satow, Germany, 
Wallace, President D. A., Monmouth College, Illinois. — Cast of inscrip- 
tion faces of the Tanis stone, received from Dr. Z^anBing, Alexandria, 
Egypt. 
Wallace, John. — Specimen of musk-deer in the flesh ; skull of giraffe. 
Ward, Professor H. A., Rochester, New York. — Casts of megatherium, 
glyptodon, and colossocliclys. 

IfeW, J. (?., Sarasota Bay, Florida — Box of ethnological and natural 
history collections. 

Webster, Professor E. E., ScJienevtady, New York. — Box of marine 
invertebrates, &c. 

Weeds, Dr. J. F. — Ethnological specimens from New Mexico. (Through 
Army Medical Museum.) 

White, Dr. C. B. — Specimen of Podiceps comutus tmm Fort Schnyler, 
Sew York. (Through Army Medical Museum.) , h CiOOqIc 

4 B 71 o 
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Wihon, L., Astoria, Oregon. — Specimen of beetles in alcohol. 

Wright, J. W. A., Turlock, California. — Arrow-heads from San Joaqnin 
Valley, CaliforQia. 

Tager, W. S., Oneonta, New Tori. — ^Reptiles in carbolic-acid solution. 

Yarrov), Dr. B. C, Fort Macon, North Carolina. — Specimens of fish, 
cetaceans, and lodian relics from North CaroliDa. 

Tatcs, Dr. L. F. — Human cranium and box of pine cones from Cali- 
fornia. 

Zeledon, Josi C, Washington, D. C. — Twelve card photographs of 
Indians of Guatemala; miniature carvings by the same. 

Unknown. — Box of corals, &c.; specimen of symplocarpns, Whatcom, 
Washington Territory; specimen of dark marble, Jefferson County, 
West Virginia; specimens of fish. 
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LITERAEY AND SCIENTIFIC EXCHANGES. 



PaeJ:ages received t 



r tlie Smit}i$onian Institution, from parties^n America, 
for foreign distribution, in 1871. 



AIJSANY, NEW YORK. 

Albany Inst itate 

New York State Library 

Profeaaur Jaiues Hall 

BOGOTA, COLOMBIA. 

Society of NatnmlUta 

BOSTON, MASBACnUSETTS. 

Americftii Aaadomy of Arts and Sci- 

Board of State Charities 

Boston Society of Natarol History. 
MassBcbusetta Hisl-orical Society,. 

Perkins lustitutioD for Blind 

Mrs. Julia Ward Howe 

BROOKl-YN, NEW YOBK. 

8. 8. Catting 

BCnUNOTON, NEW JEBSEY. 

W,G.BinnBy 

CAMDRn>aE, MASSACHtSBITS. 

Hasenm of Comparative Zoology. . 

Professor Asa Gray 

Count L.F. Poll rtales 

Pi-ofiMsor J. D. Whitney 

coLiTMBDS, oaio. 

Ohio state Board of Agricaltnre... 

Dr. E. JBTvia 

FORT U'BXSBri, MARTLAKD. 

Dr. Elliott Cones 

rOUMTAINDAI.E, ILLINOIS. 

M.S.Bebb 

OEOItOETOWH, I>I8T. OF COLUMBIA 

GeorKetoTCu College 

IKDEAHAFOLIS, I>- DIANA. 

Indtnna Iii!*titnt« for Educating thi 
Deaf and Dumb 



Professor O. Hinricbs 

Dr. C. A. White 

JiSEeVILLE, WI9CON6TN. 

Wisconsin lustitution forEdnoating 
the Blind 

KEFTESVILLB, MISSOURI. 

John C. Veatch 

HBEBTV, vino INI A. 

A. H. Cnriia 

MOSTBEAL, CAKADA. 

Natural History Society 

KBLlllngs 

P. P. Cai*penter 

NEW BEDFORD, MASBACHOSCTTS. 

J, H. ThofflBon 

NEW HAVEN, CONNECTICUT. 

American Journal of Science and 
Arts 

Connecticut Academy of Arts and 
Sciences 

Professor J. D. Dana 

S. J. Smith 

Professor A. E. Verrill 

kewpout, VERMONT. 

Orleaoe County Society of Natural 
Sciences 

NEW YOBK, NEW TOBH. 

American lostituta 

Anthropological Institute of Now 

York 

Argeotine wnsul 

Lyceum of Kutnral History 

J. Maunsell Scbieftelin 

OXFORD, MISSISSIPPI. 

E. W, Hilgard 

PAXTON, ILUNOie. 

T.N. HasseloQint , ,. 
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Packages received from partiA in America, (£c,— ^/ODtiQued. 






P£ORIA, ILLINOIS. 

Dr. F. Bnodel 

pnn.tuKT.T'Hu, PEirasTLVANiA. 

Academy of Natoral Sciences 

American Philosophical Society 

Director of the Mint .^ ■ 

House of Befogs 

Vagnar Free Institnte of ScicBcee.. 

Bbt. £. B. BeatUe 

Henry C. Carey 

J.8.H»rt 

Dr.Iaaoo Lea 

W.&V»M 

Portland Society of Natural History . 

POTTa^TLLE, PEJ)X3TLVASIA. 
P.W. She^er 

QUEBEC. 

Literary and Historical Society 



CaUfcmia InstitatioD for the Deaf 

aodDamb...'. 

California State Board of Ileatth. .. 

BAIST LOUIS, MISSOURI. 

Dr. G, Engelmann 

EACT PAUL, MD.-NESOTA. 

Hinnesota Historical Society 

BlU3f, UABSACnCSETTS. 

£sKi InstitDte 

Pcabody Academy of Science 



SAX FRAKCISCO, CAUFORIItA. 

E. E.C. steams :,, 

SPRCfGFIELD, ILLI.NOia. 

A.H.Wortheu 

SPltDfaFIELD, MASSACHUSETTS. 

8. C. S. Sonthworth 

TOROSTO, CANADA. 

Caundian lastitute 

John's, Hart 

mcA, SEW YORK. 

E. Jewctt 

WASHIXGTOK, D. C. 

Board of Indian CommiBsionera-.. 

Bureau uf Statistics 

Census Bureau.. 

Clinio-pathologicil Society 

Department or Ajipiculture- -.....- 

General Land-Office 

Nautical Almanac Office 

Navy Department . ... . 

Office of Chief of Engineers 

Quartermaster General's OfBce.-.. 
llnited States Coast Survey Office. 

United States Congress 

Unit-ed States Naval Observatory.. 

United States Patent Office 

Treasury Department 

Dr. Cleveland Abbe 

W.H. Dall 

Dr. P. V. Harden 

F.B.Meek 

T. Poesche 

C. R.Rangabe 

R. Ridgevray , 

UnknowB 

Total 
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Pachiges received by the Smithsonian 'imiitution from Europe in 1871/or 
distribution in America. 



ALBAXT, KEl 



YOBK. 



Rege.nta of New York State TJui- 

Albany Inetituto 

Board of State Chatitiea 

Dudley Observatory 

Kew York State Agricultural So- 
New York State Cabinet of Katurol 

Hietory 

New York State Homffiopatbio So- 
New York State Library 

luspeotois of tbe Penitentiary 

luapectora of the State Prisons of 

New York 

Hod. Francis Barlow 

Professor James Hall 

ProfeBBOr J. W. Hough 

ALLEGHESY CITV, PESSSYLVANIA. 

Obserratory 

AUHSBST, MASSACHl'SETrS. 

Amherst College 

Geological Survey of Maesacbusetts. 

Professor E. S. Snell 

Professor £. Tuckerman 



AKN' AKBOR, 



Observatory 

UDtversLty of MichLg^iu . . 
Dr. Freeee 

Dr. J. C. Walson 

Professor A. Winohell 



APPLKTON, WISCONSIN. 

rencB Univeraity 



Uftivereity of Georgia. . 



Profes.sor Elihn Hall.. 

ATHENS, OHI 

University of Obio 



Dr. T, Storcb.. 



Judge Julius Schultze.. 

.BALDtVIX CITY, KAl 

Baker University 



American Journal of Dental Scl- 



MaryluDd Historical Society.. 

Mercantile Library . 

Hunicipality ..... . . 

Peabod]^ loetitute 

Univereity of Maryland 

A. M. Catler 

P. B. Uhler 



BLOOMIXGTOX, 



DO.STON', MASSACHUaETTS. 

American Academy of Arts and Sci- 



Americao Cbnntian Eiami 
Americau Social Science Association 
American Statistical Association.. 
Americau Unitarian Association .. . 

Atbeneum 

Board of State Cliarities 

Boston CbriHti an Register .. 

Boston Medical and Surgical Jour- 



Boston Society of Natural History. 
Directors of Public Institutions... 

Gynwooloiical Society 

luspecturs of Massaclinsette State 

Prisons 

Massacbusetts Historical Society.. 
Massacbusetts Society for Pieven- 

tiou of Cruelty to Auimals 

Municipality 

NctT Eugtand'Histortc, Genealog- 

- ■ '* i,.ty.. 
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Boston, Mass- — ContiDQcd. 

SocittyfortheDeTelopmentof Min- 

enlReBonrcM 

6UU« Library 

R«T. W. B. Alger 

J. D. Allen 

J.L. Clarke 

Mm.C.H.DttU 

Profemor Wolcott Oibbe 

E-E-Mnyo 

Dr. Albert Ordway 

pTofcaaor E.G. Pickeriog 

W. ILRogen 

A.P. E^well 

J. Sudfoid 

S-ILScadder 

Chulea A. StewDB 

Dr. F. Stor«r 

Prol^Mr W. Watson 

Kobett C. Winthrop 

BBOOKUNE, MABSACHUSBTTl 

Dr. Th. Lyman 

BBOORLTK, NEW YORK. 

City Library 

CoUegiate and Putytechnic luetUute 

BBDNBWICK, MAINE. 

Bowdoin College 

HiMorical Society of Maine 

BUFFUO, NEW YORK. 

Buffalo Historical Society 

Medical and Survical Juuraal 

Katoral History Society 

' BURLD."GTOK, IOWA. 

Ur.EngBtrom 

aVBLTSOTOS, NEW JEBSEY. 

W.G.Binney 

BDRLmOTON, VKRMO.NT. 

UniTeraity of Vermont 

CIMBRIDGR, UAESACHUSETTg. 

AmericaD Association fot Advance- 
ment of Science 

AstionomicalJonmal . 

Barrard College 

Harrard College Observatory.. 



Cambridge, Mass. — Coatinaed. 

Maeeain of Cooiparative Zoology, 

A. Agassii 

Professor L.Agassiz 

Jobn C. Anthony 

Dr. BrowQ-Seqnard 

Professor J, P. Coolce 

Professor W. Ferrol 

Dr.B.A.Gonld 

Professor Asa Gray 

Dr. Herman Hagea 

W. James 

ProfessorJ. Lovering 

Dr. G. L. Maack 

J ulca Marcou ... ....... 

Dr. T.Parker 

Professor B. Peirc« .-. ..... 

L. F. De Pourtalea 

Frofesaor W. A. Rogers 

Dr. F. S(«inda«hDer 

Professor J, D. Whitney 

Professor J. Winlock 

Dr. Charles Wright 

CABUSIX, PENNSYLVANIA. 



CBNTREVILLE, C.U.IPOItNIA. 

Dr. Lorenzo C.Yatea 

L HILL, TBXAS. 

Soule University 

>UTH CAROLINA. 

Elliott Society of Natural History. 

Library Cumpauy 

Society Library 

South Carolina Historical Society. 
Wilinot de Sanssure , 

CnABLOTTESVOJJ!, VIRGIKIA. 
I University of Virginia 

CHICAOO, ILLINOIS. 

I Chicago Academy of Science 
Chicago Board of Trade 
DeBtborn Observatory 
Hedioal Times 

I Municipality 

Young Men's Association Lihrafy.. 

I Professor T. H. Safford 

, Dr. W. Stimpaon .. 
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CINCIKMATI, OHIO. 

American Medical College 

ABtroDomioal Society 

ABtronomical Observatory 

Dental Eegister 

HiatoticAl aud FbUoBopbioal Society 

ofObio 

Hercaotile Libroif 

Municipality 

Obio Mecbaaica' Institute 

CLEVELAND, OHIO. 

Cleveland University 

CLLSTOH, NEW YOKK. 

Litchfield Observatary 

Profasaur C. H. F. Petev 

COALBUKOH, WEST VIKGIKIA. 

W.H. Edwards 

COLUMBIA, MISSOURI. 

Geological Survey of Misaonii 

MiBBOnri Universi ty 

Dr. E.C. Swallow 

SoDth Ccirolina College 

COLnMBCS, OHIO. 

Obio State Board of Agriculture 

State Library 

Leo Lesqaereux 

Dr. W.a.B»iUivant 

COKCOKD, NEW IlAMFSmitE. 

NeiT Hampsbire Historical Society. . 

State Lunatic Ajyluin 

Warden of A'ew Hampebire State 

CBEDIT, CANADA. 

Eev. C.J. 8. Betbune 

Francis Pierz. 
Publio Library 



DECORAH, IOWA. 
Lutberao College 

DBLAWARE, OHIO. 

Wealeyan University 

DES MO USEE, IOWA. 

Governor of the State of Iowa. . 
State Library 

SEinon', MICHIGAN. 

Inspector of Detroit Honse of Cor- 
rection '. 

MichigaD State Agricnltnral Soci. 

w?i?.EeiViIo"rV!.".".*!'!!!.'!'.!!!" 

Dr. Edward Jarvis 

EAST OREENWICB, NEW YORE. 

Asa Fitch 

EA8T0K, PENNSYLVANIA. 

Lafayette Collef^ 

Professor J. H. Coffin 

ELMIRA, NEW TORE. 

Elmira Academy of Sciences 

Rev. L. G. Olmstead.. 
Nortbweatem University .. 
Edward Norton ... 
Dr. Elliott Cones.. 

FOUNTAl-VDALE, I 

M.S.Bebb. 

FRANEFORT, EENTUCET. 

Geological Survey of Rentnck y 
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Packages received from Europe, dx. — CoDtinned. 



FBEDEBICTON, NEW BRUNSWICK. 



ILLLIFAX, NOVA SCOTIA. 

XoTz ScotiaD Inatitato of Xaturol 

JL Yaiwi'/.y/ ".'.'.'.'.'.'.'.'.'.'.'". 

Proreawr Lawson 

John B. Willia 

DAHPDEX SIDNEY, VIHGINL 

OampdcDSidDej' College 

HANOVER, NEW HAsireniRE 



INMAXSVllXH, WISCONSIN. 

i Wisconsin ScanilinaTiwiSouiaty.. 

IOWA CITY, IOWA. 

Geological Survey of Iowb 

Iowa State University 

ProfcHitor 0. Iliniiciis..... 

Dr.C.A.WLite 



iVllXE, WlBCONBl!*. 



Cutnberlaud Uaivcrsity 

LKXINGTOS, KENTUCKY. 



nABRlSBCItGn, FEXN6V1.VANIA. 

UedictJ Society of the Stateof Peuo^ 

Bjlraoia 

State Library 

OAItTFOBD, CONNECTICUT, 

CoonecticQt State Agricultural So- 

Hait^rd Historical Society 

YoBDgUeu'B Institute 

nnxaBonocGB, north c.vrouna. 

Bev. M. A. Curtis 

HOBOKEN, NEW JERSEY. 

Steven^ last it uto of Technology.. 

HONOLrlC, HAW.UIAN IBLANDS. 

W. Harper P*ase 

IXDIAMATOUS, INDIANA. 

Oe^ogical Surrey of Indiana 

Indiana HistacicBl Society 

Indiana lDctitat« for Um Blind... 
Stat* Library 

aT.coi 



UTTIX ROCK, ARKANSAH. 

', Governor of theStateofArkau 
. Literary Institute of Arkouatui 

State Library 

State University ._. . 



LOUISVILLE, KENTCCKV. 

Historical Society of EeulucLy . . 

; Municipality 

< Bichmond aod Lotiutvillo Medical 
Journal . 

University of Loniaville 



LOWVILLE, (fEW yoRK. 

FraukliuB. Tlungh 



i! WiscoiuiD Stat« Agricultural Soci- 



MANCHESTER,! 



r KlMtWIIRK. 



..Google 



LITEEABY AND SCIENTIFIC EXCHANGES. 
Packages received from Europe »Co. — GoDtmaed. 



' ItARQUBTTE, 

! Biahop Ignatius Maak 

I 

MARYBVIU-K, CALIFORNIA. 

Dr. E. T. Wilkins 

MKADVtlXK, rENNSYLVANU. 

Obgerratory of Allegheny College., 
I'rofeBSor Laugley 

UILWAUKEE, WISCONSIN. 

German Academy of Katarut 

Sciences 

I. A. Lapham 

KOMTPBUER, \'EltMONT. 

Hiatorical and Antlqaarian Society . . 
State Library 

MONTBEAL, CAKADA. 

Eutomolo^cal Society of Montreal.. 

Geological Survey of Canada 

Historical Society 

King's College 

McGiUCoUese 

Natural History Society 

E.Bimnga 

Dr. P. P. Carpenter 

Frofeaaor J. W. Dawson 

Dr. T, SterryJlnnt 

SirW.E. Logan 

Br. C. Small n-ood 

KABHUA, KBW HAHPSHIRK. 

Dr. B. E. Emerson 

NAGHTIIJ.E, TBNKBSSBB. 

Geological Survey of Tennessee. . 
L'uiveraity 

KEENAB, WlSCOSSDi. 

ScandinaTiu) Library Association 
Bcondinavian Literary Society... 

KEQAtn.'BE, MtCmOAK. 

Major F.B, Brooks 

KBW BEDFORD, MASSACUCSBTTa. 

John H. Tliomson 

NEW DRDKSWICE, flEW JERSET. 

Geological Surrey of New Jersey. 



New Bbunswice, N.J,— Cont'd. 

Rut^rs College 

Protessor George H. Cook 

Professor John C. Kmock 

KEWCOELN, WISCONSUf. 

T,A.Bruhin 

KEW HAVEN, CONT<ECnCUT. 

American Journal of Science and 

Arts 

American Oriental Society — 
Connecticut Academy of Arts and 

Sciences 

Yale College 

Professor U. J. BrusI) 

Professor J. D. Dana 

George Gibbs 

Professor E. Loomis 

Professor C. 6. Lyman 

Professor O. C. Marsh 

Professor H. A. Newton 

Professor U. Sillimau 

Sidney J. Smiti. 

Professor A. E. VerrilL 

Professor W. D. Whitney 

NEW LONDON, CONNECTICUT. 

Young Men'sCbristian Association. 

KEW ORLEANS, L0UI8UNA. 

Municipality 

New Orleans Academy of Natural 
Sciences... 

KEWPOBT, RBODB ISLAN-D. 

Mechanics' Library 

NEWPORT, VERMONT. 

Orleans County Society of Natural 

NEW YORK, N. T. 

American Bnreau of Mines 

American Christian Commission.. . 
American Geographical and Statis- 
tical Society 

American Institute 

American Journal of Mining 

American Museum of Natural His- 

Anthropological InBtitut« of New 

York 

Astor Library 

Columbia College 

Cooper Union 

Eclectic Medical College 

Jonmal of Psychological Medicine. 
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New York, N. Y.— Contiaiieil. 

Ljoenm of Natnral History . . 

Medical Gazette 

Medical Joamal .. .... 

Medical Record .. 

Mercantile Library Associatiaa.--. . 

Metropolitan Board of Health 

Microscopical Society..... 

Mnoicipality 

New York Academy of Medicine 

.New York Cbristian Inquirer 

Ken York Historical Bociety 

Nnmismatio 'and Archaeological So- 

Scbool of Mines 

fiecretary of American Prison Aeso- 



Soeiety Library 

Uoited States Saoitary Commiu 

UniTersity 

Dr. F. A, P. Barnard 

Profeesor Bauer 

TboDuaBbnd 

Dr. CarriDgton Bolton 

ProfesMr C. i\ Chandler 

Captain J. H, Dovr 

Dr. H. Draper 

ProfossorT. Egleetoa 

A- EUeis 

SamoelElitt 

Captain John EricMoa 

Profevor Hermann Flligel 

Or. G«ecbeidt 

Henry Grinnell 

Dr. Cbarlea Joy 

Be. JameaP. Kimball 

Dr. U.J. KDapp 

Dr. James EuiKbt 

George N. Lawrence 

Professor S. F. B, Morse 

Dr. J. 8- Hewberry 

Dr. J.C. Nott 

Baron R. Ostensackeu 

Dr.Martyn Paine 

Messrs. Porker dbDoaglas 

AUred Pell 

Professor A. Poey 

I^fessor £. Pampelly 

Dr. R. W.Raymond 

Professor O. U.Hood 

Lewis M. Rutherford 

H. H. Scbiefflin 

E.G.8quier 

Dr. L. tellkampf, 

T. CTheaker , 

Dt. Jobn Toirey 



KORTBAMFTON, 

State Lunatic Any li 



OTTAWA, ILUHOIS. 

Ottawa Academy of Natural Sci- 

OXFORD, N 

Eugene W. Hilgard.. 

T.N.Hasaelquiut... 
Samuel H. Wright.. 

PEORIA, I 

Dr. F. Brendel.. 

PHILADRLFIIIA, I 

Academy of Natural Sciences 

American EDtomological Society.. 
American Jonmal of Couchology . . 
American Pharmacentical Aasocia^ 

American Pbilosopbical Society... 
Board of lospectorsof Couuty Pria- 

CentrolHigh School. - 

Curator of Birds, Philiklelpbia Mu- 

Dent^ Cosmos 

Dental Enquirer 

Dental Times 

Franklin Institute.. 

Historical Society of Pennsylvania 

Jefl'ersou Medical College .. 

Library Company 

Medical and Snrgical. Reporter 

Meilical Times 

Mercantile Library . . 

Municipality _.. 

North American Medico-Cbimrgical 
Review 

Numismatic and Antiquarian So- 
ciety 

Observatorjr of Girard College 

Pennsylvania InsLitatiun forBlind- 

PeuDsylvania Society for Preven- 
tion ot Cruelty to Animals.. 

Pulilic Schools 

Society for Alleviating Miseries of 
Public Prisons 

Superintendent of State Peniten- 
tiary 

University 

Wagner Free Institute of Science.. 

Bev. E. R. Beadle.: 

Lorin Blodget 

H. C, Carey 
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^i 



PmLADKLLTHiA, pA.— CoaCiuuetl. 

J. Coaala 

FliDv Earl Cbose 

Dr. F. A. Courad 

Profee»or E. D. Copo 

Dr. B«DDett Dowler 

Dr. F. A.Oeiilh 

Judge Utire 

Dr.K. Hare 

Dr.G.H-Honi 

Dr. loaaoLea 

Dr. L. Le Conte 

ProfesaoT J. Leidy 

J. P. Lesley 

Johnson D. Lund 

B.8.Lyman 

Thomas Meebau 

J. A. Meiee 

Dr. C. F. Parker 

Thomas StewardsoojT 

Oeorga W, Tryon 

Professor. Wagner 

Dr. Horatio Wood, jr 



PHOSNlXVUiC, TENSSVLVASIA. 

Cbarlea M. Wbeatley 

PITTSFIELD, .MAS SACUU SETTS. 

Library Association 



ProreeBor S. P. Langlc^: 

PORTLAND, MAINE. 



Legislatare of Maine 

Porttiuid Society of Katnral llii 



Uiaa Maria Mitchell 

PRINCZTON, NEW JERSEY. 

College of Now Jersey 

Horticalloral Society 

Pharmaceatical Society 

ProfoBsoi B. Aluxaoder 

Professor A. Guyot 

PAOVIDBKCE, RHODE ISLAND. 

AtheniBniii . .. 

Brown Univereity . 

Bbodo Island Historical Society - . . 



PiiOViDENCK, R. I.— Continncd. 



QUEBEC, CANADA 

Legislative Library . 

Literary and Uiaturical S 

Observatory 

LieiitenSDC E. D. Ashe... 
M. Joly da Lotbini^re. .. 
Abb£ Provanche 



ProfessOT W. C. Korr . . 



Historical Society of Viigiaia. . 

State Library 

T. H.WyuLo 



Dr. Thomas M. Logan 



UDiversity of MiDDeeota.. 



SAINT JOHN, NEW DBtJKSWICK. 



SAIKT LOUIS, MIS60URL I 

Humboldt Medical College 

Medical Arcbives of BaiDt Louis 

Medical and Surgical Journal ! 

Missouri Dental Juuraal 

Municipality 

Public School Library 

Saint Louis Academy of ScieucrR. . 

University - 

Dr. Louis Bauer 

Dr. Louis Eugelmon ... 

Louisa LoDge -. 

Charles V. Riley | 

Maurioe Shueter . ' 

BAINT PALL, MDiZniSOTA. i 

UiDoesota Historical Society | 

Norihwestem Medical and Surgi- 
cal Jonrnal | 

J, H. KlooB I 
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E««ex Inalitnte 

Fcabody Acudemf of ScieDCe.. 

A. S. Pock&rd, jr. 

Y. W. Putnam 

W. S.West 

SALT LAKE cirr, rTAH. 



California Academy of Natural Sci- 

Mercaotile Library AKu>ciation. . 

Municipality 

Pn>l««sorH. N. Boluodet 

S. A. L. BraQoan, jr 

Dr. J. G. Coo|)er 

B. E. C.Steatue 

SCHENBCTAOY, NEW VOKK. 
Profeeaor H. E. Webster 

«1\*C SING, NEW YORK, 

Dr. G.J. Fisher 

BO ('TO BETRLEIIEM, PENKSTLVAKU, 

Profcasor A. M. Mayer 

EPRt^'^•FIl^LD, iLuxote. 

Oolofiical Survey of Illinoie 

'"' " e Agricultural Society. . 



TORONTO, CANADA. 

Botanical .Society of Toronto i 

t-aoaJian liiHtitiitii I 

Lii«rary and Hietorical Society | 



Trinity College. 

I'njveniilv 

D. K.Wiu(I<r... 



University of Alabama 

Americau Jonrual of Insanity 

WASHINGTON, D. C. 

Americao Nautical Aloianac Olfico.. 



I Washington, D. C— Coutinued, 

Argentine Legation 

Board of Indiau Commissioners.. 

Bureau of Navigation 

Bureau of Statistics 

Census Bureau 

Columbia Institution for the Deaf 

and Dumb . .. 

; Commissioner of Apricultura.. 
I Department of Agriculture 

Department of Education 

; Engineer Burean 

: General Land-Office .... 

I Government Insane Aaylnm..'. 

i Howard University 

I Hydrographio Office 

Interior Department 

Library of Congreea 

Medical Society of tbe Distriel of 
Columbia . 

Municipality. '. . 

I Navy Department 

I National Academy of Science ■ . 

' Ordnance Bureau 

j Secretary of tbe Navy 

I Secretary of AVar 

Signal Office . 

State Department 

I Surgeon General's Office 

Survey of Nortb American Lakes. - 
: Treasury Department 

Uiiit«d States Coast Survey... 

Uuit«d States Naval Observatory. 

United States Patent-Office 

: United SCat«eBevenueDepartmeut 

War Department 

, Wiisb in glon Public Schools... 

\ VouDgMeu'sCbristion Association. 

, PratVn^or Cleveland Abbe 

(icuei^l H.L.Abbot. 

, Mrs. C. Alexander , 

I Professor S. F. Baird 

■ G.M.Bacbe.... , 

Dr. H. M. Uaurnistcr 

(itneralj. G. Barnard 

' rrofesaorW. P. Blake 

I ProfcMitor J.H. C. Coffin 

T. A.Crav.!u 

' W.H.Dall 

C. H. Davi« 

MisH Durolliu^i Dii 

General W. H, Emory 

Dr. E. Fori;niau 

W.Q. Force , 

G.'niTiU J, C. Frduiont 

Edw. M. Gallaudet 

l(arouGen)lt , 

' Profeawir T.Gill 

' Dr. K. V. Haydpu 

' Proti!H.ior J. Henry ..,,. 

; J. E.Hilgttrd .\ 
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Washikgion, D. C. — Coatiuued. 



a. W.Hill 

John Hitz 

Geaeral A. A. Ilunipbl'eys 

E. B. Hunt 

J. C. G. KeDueJy 

Adoiiml Lee 

Profi,>«sor J. II. McCbesuey 

J.N.Maffit 

F.B.Meek 

Brisadier General A. J. Myeia . . . 

Professor S-Newcomb 

Dr. C. C. Parrv 

T. Poeacho 

W. J.Kheca 

Admiral Sanits 

Professor G. C. Sehiiefcr 

C. la SchoH 

Henry Utke 

LieiitoDant Colonel Wood vr ant.. 
C.B. Young 



WATBRBUItV, C<.>.VSECTICl!T. 

Bronnaun Library 



Watervillo Colloge.. 



Professor W. H. C. Bartlett 

WILLlAMSfiUROH, VIltGINIA. 

Vir);iaia Eaat«i'D Lunatic Asylniu. 

WILUAMSTOWN, MASSACUl'ShrrrS. 

Williams College 

WllJIINGTOS, DELAWARE. 



WINDSOR, NOVi BCOTI, 

Kings College 

WORCESTER, MASSACHC^l 

Am 



^d by Google 



LIST 07 XSTEOKOLOOICIL STITIOXS IXD OBSERVERS OF THE BMITOSO- 
NUN IirSIITDTIOX FOB THE lElB mi. 



Name of observer. 



BRITISH AMERICA. 

Clift,HeDryA 

l^dsDey, John 

Biggins, ProfraBor D.F 

Jones, W. Martin 

Uordoch.G 

Stewart, Jiunes - 

UEXICO. 

SartoriaB, Dr.C 



Hmbor Gtsco, Newfonndland. 

St. John's, Newfoandland. 

Acadia College, Wolfville, Nova Scotia. 

ClifloQ, Ontario. 

Saint John, New Brunswick. 

Winnipeg, MiuiiCoba. 



Mirador, Vera Cmz. 



Alinn],Dr.H.L 

ADtatiy,E. L 

Fahs, Dr. C, and Mies R. Deans 

Jennings, Dr. S. K 

Peters, Dr. TbomaBM 

Shields, .F.H 

Tutwiler.H 

VftnkiTk,W.J 

Bryant, Charlea 

ARKUiS.tS. 

Biahop, H 

Qreene,E 

Uartin, Josepb P 

McCluni.C. L 

Rii«el,0. F. 

White, Charles 

CAUEORNIA. 

Ames, Uarr G. Pulsifer 

Barnes, O. W 

Blake, J. W 

CwiGtld, Dr. C. A 

Cheney, Dr. W.F 

ComptoD, Dr. A.J 

Naval Hospital 

Thorulon.Dt. W. W. 

COVORAHO. 

Bjera,W,N 

Croft, d. J 

D»Tio«, Oeorge W 

Ueniatn, A. U 

NettletoQ,E. 8 



Carlowville, Dallas Connty. 
UuntsviUe, Madison County. 
Sulma, Dallas County. 
Coatopa, SumteT County. 
Moulion, liawrence Connty. 
Klyton, JfSerson Connty. 
Havana, Hale Connty. 
Mobile, Baldwin County. 



Sitka, Saint Paul Island. 



Mineral Sprincs, Hempstead Conuty. 
Clarksville, Johnson County. 
Focabontas, Randolph County, 
fayetteville, Waahington County. 
Helena, Phillips Cunnty. 
WashiDgtoD, Hempstead Connty. 



Indian Valley. Plnmaa Connty. 
Son Diego, Son Diego Coaaly. 
Visalia, Ttilare County. 
Monterey, Mont«rey Coantf. 
Chi CO, Butte County. 
Watsonville, Santa Crai County. 



Denver, Arapahoe County. 
Fonntaiu, £1 Paso County. 
Golden City, (Jaivia College,) JetEeraoD 
County. 



Templetoo's Gap, El Paso Count] 
ColOTado Springs, £1 Paao CookV 



;§bgle 
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lAst of meteorological stations and oVserverafor the year 1871 — Contiiined. 



Name of obnerver. 



COKNECriCUT. 



Alcott, Williao) P 

ADdrews. L 

HockTreli, Ubarlotte '. 

Waid,U. D, A., aod John JuliuBtou.. 



Doreey, Eev. J. Owi 



DELAWARE. 



AtwoodjG. W 

Baldwin, Dr. A. S 

Barker.E 

Beecber, Rev. C 

CbamberlaiD, S. N 

Irf.wd. E. K 

Powell, Charles F 

Robinson, General G. D. . 

Thralls, George E 

White, W. F 



Barker, E 

Cutter, Jobn L 

Deckner, P., &. Sod .... 

Hillyer, H. L 

llolli&eia.Hor.'XioN.... 

McClatcbcn, A. R 

Suuforil, R. P 



North Greenwicli, Fairfield County. 
Sontbiugtott, Hartford County. 
Colebrouk, Li tcb field Connty. 
Middlotown, (Wealeyau UniveTsity,) Mid- 
dlesex County. 
Columbia, Tolland Connty. 



Ponka Agency, Todd County- 



Saint Augustine, Saint Jobu's County. 
Jacksonville, Duval Connty. 
Ocala, Maiiou County. 
Newport, Waculla Connty. 
tlosquito Inlet. Volusia Connty. 
NoTC Smyrna, Volusia County. 
Uicalata, Saiut John's County. 
Pilatba, Putnam County. 
WelborD, Snwniiee Ounty. 
Tampa, Iliilsborougb County. 



Snint Mary's, Camden County. 
Q nil man, It rooks County. 
Atlanta, Fulton County. 
Berne, Cum den Connty. 
Sanderaville, Washington County. 
Larayelto, Walker Connty. 
I'enfleld, Greene County. 



Adams, W.H 

AlJrich, Verry 

Bowman. M.B 

Brendel, Y 

Brookes, S 

Carey, Daniel 

ObasB, Dr. D. H 

Cochrane, J 

Dudley, T 

Duncan, Rev. A 

Fiuley,Dr,T 

Gramesly, C 

Grant, J. and Miss U 

Uearne, F.J 

Henry, W.B . . __ __, ,. 

James, J. W Marengo, McHenry County. 

JaziM, Dr. C ] Waterloo, Monroe Connty. 

Langgatb, J. G Chicago, Cook County. 

Livingston, Professor W Galusburgb, (Lombard University,) Eoox 

County. 
Marcy, ProfesBOt O Evauslon, (Northwestern Univanity,) 

'^"k County, 



Elmore, Peoria County. 
Tiskilwa, Bureau County. 
AudaluBin, Rock Island County, 
Peoria, I'eoria Connty. 
Cbirago, Cook Connty. 
Hochelle, Ogle County. 
LouiBville, Clay County. 
Havana, Mssou Connty. 
Decatur, Macon Connty. 
Mount Sterling, Brown Connty. 
Pann, Christian County. 
Charleston, Coles Conuty. 
Manchester, Scott County. 
Qiiincy, Adams County. 
Mattoon, Coles County, 
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lAit of meteorologicdl stations and obaervera for the year 1871 — Contianed. 

Nmne of obMrver. 



Illinou— ContioDed. 



PatterwD, H. N 

Phelps, E. S. and lliBaL.E 

Pnfler.A, W.., .... 

SpanldiDK A.,uidUn.E.I> 

Spencer, W.C 

inuUkcir, B 



BuenMT.C.u 

Cfaappelunitb, J - . 

Clark. W.8 

Croeier, A.... 

CortiB, J. W 

Dkwaoo, W 

D««m,D ■- 

HadlejiDr^ <u)d otbers.. 

Howord, J.K 

Laiu;bTidKe> Df . J. H 

McCoy, 'Dt. S. and Miss. .. 

McBeiiiy,B. F 

Bobertson, R. S 

Spitlor, D 

Sutton, a 

TbrmllB, Gf>o. R 

Williama, Mn. B. C 



Adama, Eraeet 

Aflhby, M. V 

Babcock, E 

BrjantMlB. J. A.... 
Collia,Ptofeaaur A... 

Croft, CI. L 

DickinaoD, J. P 

FBnuworth.P.J 

Gilbert. A.P 

Horr.Dr.Asa 

HuiBfield,A.A 

Uarabsll, GreicoTy.... 

«cClintock,K 

McCreodv, D 

Miller, E. and B 

Kelson, D. B 

Parrio, Profeesoi T. E 

Eo8»,F.A 

Biimell,A.M 

6beldoD,D.S 

Smith, BdAu P 

Slern, Jacob F 

Talbot, BeiHamiii .... 

Toirniend,N 

5 8 71 



Aucnsta, Hancock Conntj. 
BelVidere, Boone Count;. 
New Maiiche«tor, Scott Coanty. 
Heanepin, Putnam Coaoty. 

Oqoairka, Henderaon County. 
Wyanet, Burean County. 
MuttooD, Coles CoDDty. 
Aurora, Kane County. 
Dubois, WaabingtOD Connty. 
Warsaw, Hancock Cutmty. 



Eisiog Sun, Ohio Connty. 
Laporte, Laport« County. 
Mount Carmel, Franklin County. 
Vevay, Switiorland Connty. 



Laconia, Harrison Connty. 
Warsaw, Kosciusko Connty. 
Spiceland, Henry Connty. 
Knif[btstown, Bnsh County. 
lodianapoUs, Marion County. 
Livonia, Washington Connty. 
Bensselaer, Jasper Connty. 
BlooniinKton, (UniVy,) Monroe Connty. 
Columbia City, WhiUey Connty. 
Merom, Sullivan County. 
Fort Wayne, AUe« Connty. 
Eentlaud, Newton County. 
Aurora, Dearborn Coanty. 
Waraaw, Kosciusko Connty. 
Annapolis, Piuke Connty. 



Mount Vernon, Linn County. 

Webster City, HamUton County. 

Gnttenber)!, Clayton County. 

Clinton, Clinton Connty. 

Lemars, Plymoutb County. 

Dnbuque, Dubuque Connty. 

Mount Pleasant, (Uuivenity,) Henry 

County. 
Creeco, Howaid Connty. 
West Union, Fayette Connty. 
Fort Madifou, Lee Connty. 
Grant City, Sao County^ 
Sao City, Sao County. 
Iowa City, (University,) Jobnson Cannty. 
Dnrant, Cedai Connty. 
West Brancb, Cedar Connty. 
Davenport, Soott Connty. 
Moaticello, Jones Connty. 
Logan, Harrison Connty. 
Council Bluf^ Pottawattamie Coanty. . ■ 
lona Falls, Hardin Connty. 
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Hat »/ meteorohgie<d atatioru anS oifserversfor tlie year 1S71 — Cfmtinaed. 



Name of observer. 



Iowa— CoDtinved. 

Wfldey.H 

Wanie,Dr. G 

Warren, J. H 

WbeatOD, Mra. D. B 

Witter. D.K 

Woodwortb, S 

KANSAS. 

Adams, Ernest 

Beckwith,W 

Cotton, J. M 

DaotelB, P 

FDKle,D 

Horn, Dr.E. B.,BndUiu 

Hoekineon, R. H., ..... 

Ineraham & Hyluid 

Lamb, Dr. W. M 

Mudge, Profeaeor B.F 

Parker, J. D 

RicbardsoD, A. O 

Shoemaker, J. O 

Snow, Professor P. H 

Staymon, Dr. J 

W(iln»d,L.D 

Walters, Dr. J 

W«odwortb, A 

Beatty.O 

Horr,Edw.W 

Martin, Dr. 8. D 

Sbrlver, Howard 

Yoang, Mrs. Lawrence 

JXIUISIAKA. 

Cleland, Rev. T, H 

Coiling^ H. C 

Foster, CsptaJD R W 

Moore, Dr. Jos. L 

KAtME. 

Clifford, A.J 

Clifford, J. R 

Femald,C. H 

Femald, M. C 

Gardiner, E. H. 

Uuptai,0. W 

HaskelL WiUabe 

Mayo, E. D 

Moore, Asa P 

MonltOQ. J. P 

Parker, J. D.. 

Pitmao, Edwin 

Reynolds, Henry 

Smith, H. D 

Tripp, OscarH 

Wentworth, B. C 



Bockfbrd, Floyd Connty. 
IndepeDdenoe, Bncbanan Connty. 
Algona, Kowntfa Connty. 
Independence, Bncbanan Connty. 
Woodbine, Harrison County. 
Bowen'a Prairie, Jones Connty. 



Willi amstown, Je&raoa Connty. 
Olathe, JohuMin County. 
Williamstown, Jeffeisou Connty. 
CrawfordsTille, Crawford County. 
Willi amBbnrgh, Franklin Connty. 
Atcbiaon, Atchison Connty. 



Connty. 
Barlington, Ctrffey Count;. 
Plnm Grore, Bntler Connty. 
Leroy, Coffee Connty. 
Lawrence, (Univ';,) Donglas Connty. 
Learenwortli,'LeaTenwoKb Coon^. 
Paola, Miami Connty. 
Holton, Jacksim County. 
Council Grove, Morris County. 



DauTtlte, Boyle County. 
Blandvilla, Ballard County. 
Pine OroTo, Clarke County. 
Arcadia, Lincoln County. 
Sprmgdale, Jefferson Connty. 



Delhi, Richland Parish. 
Poncbstoula, Tangipahoa PaTlsh.' 
New Orleans, Orlsans Parish 
Shreveport, Caddo Parish. 



Montville, Waldo County. 
Montville, Waldo Connty. 
Houlton, Aroostook County. 
Oreno, Penobscot Connty. 
Gardiner, Kennebeo County. 
Comi^, York County. 
Bucksport, Hancock County, 
Brewer Villi^, Penobscot Conn^. 
Lisbon, Androscoegin County. 
Standisfa, Cnmberi^nd Connty. 
Mount Desert, Hancock Coon^. 
Barnard, Piscataqnis Connty. 
East Wilton, Franklin County. 
Norway, Oxford Connty. 
Sorry, fiSDCOck County. ., 
MontviUe, WaMoConptyi^^^QQol^; 
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I4at of met«erohgioal atationa and obaerver$/or the year 1871 — Oontiniied. 

KaniA of oblerrer. 



Maine— Coutin aed. 

W«»t, Silaa ■ 

Wilbnr, Ben. J 

IURYLANI>. 

Cnrtii8,G.a 

DevabiBs, F. J 

Ellion,J.P , 

Gaodmftti, W. E. 

Huabew.CF. 

Banahew, J. K 

Joardkn, PiofessorC. H 

ficCormick, J. O 

Maval Botpital 

8beph«rd,H.M 

8bnT«-,E.T 

StephenMn, Bev. Junes, EUid otbeis 

Ta]«ate,A. Xy 

MiseACBrsETTS. 

Bacon, W 

Biiby, J. H 

Caldwell, J. H 

CunDinghun, Gvorge A. 

Etawharet, BeT. £ 

Fallon, J 

FTOrt,B. D 

Hart, Q«ca^8 

HopkiDt, FicfewoT A., and Frederic Harcy. 

Merriam, 8. A 

MeMalf, Dr.J.G 

Morrill, D.T., M. Beniw, and D. LoTsji^.. 

NaBaa,BeT. E 

NelMD, H. M 

Newoomb, 0.6 

Perry,Mra.aH 

BodinBn,S ;.. 

8nell, ProfMsor E. 8 

Teele, ReT. A. E 

Tocker, E.T 

Ballard, B 

ElliB, Dr. Edwin 

HiggiB>,F.W 

Holme*, Dr. £. 8 

Howell, D , 

Kedzie, Prufewoi R. U 

Kemp, Profe««or A. F. 

Hape«,H. H 

FattiMQ, H. A 

Paiton, J. W 

Smith, Bev. O. N , 

Soathworth, N. L.... 

8tri<Dg,L.H 

WeU^L-E 



Annapolis, Aune Arnndel Countf. 
Linwod, Carroll Connty . 
Fredericli, Frederick Connty. 
Emmittobarsb, (Moont Saint Mary'e Col- 
lege,,) Freaerick Connty. 
Woodlawn, Cecil County. 
Annapolis, Anne Arnndel Connty. 
Ellicott Cit^, Howard Connty. 
Cambeiland, Alleghany Connty. 
8aint Inieoes, Saint Mary's Connty. 
Woodstock, (College,) BaltimoTe Connty. 



Bichmond, Berkskire Coant^. 
West Kewton, MiddleeeK Conn^. 
Newburyport, Essex County. 
LnnenbnrK, Worcester Coouty. 
Hinsdale, Berksbire Connty. 
Lawrence, Essex Connty. 
Hooeao Tunnel, Berkshire Connty. 
New Bedford, Bristol County. 
Witliamstown, (Williams CoUege,} Bvrk- 

shire Connty. 
Topsfield^Bsex Connty. 
Mendon, Worcester Connty. 
Woic«st«r, (Lnnatlc Hospital,) Worcaater 

County. 
North Billerica, Middlesex Connty. 
Georgetown, Emei Connty. 
Kingston, Flymonth Connty. 
Cambridge, Middleeox Connty. 
New Be^ord, Bristol Connty. 
AmbeiBt, (College,) Hampshlio Connty. 
Milton, Norfolk Connty. 
New Bedford, Bristol Connty. 



Litchfield, Litchfield Connty. 

Ontonagon, Ontonagon Conuty. 

Detroit, Wayne Connty. 

Grand Bsfuus, Kent Connty. 

Macon, Ijenawee Connty. 

Lansing, (AgricnUnial College,) Ingham 

Connty 
Olivet, (College,) Eaton Connty. 
Kalamazoo, Kalamazoo Connty. 
Mntkegon. Unskegon Connty. 



Coldwater, Branch Connty. 

Grand Baplds, Kent Connty. , 

Battle Creek, Calhonu Coantyt >OQ [Q 



68 UETEOBOLOGICAL STATIONS AND OBSEBVERS. 

latt of meteorological ttaUoiu and obgereert for the year 1871 — Continaed. 



Name of obaerrer. 



UtCBio AM— Conti lined. 

Wbelpley, Mim R., and Thomaa 

WLittleeey, S. H 

Wilson, W 

Wincbell, Piofeseor, and Mi's. N. H. 

MKNESOTA. 

Cheney, William.... . 

McM»hon,Dr. H 

PaieTBOD, Rev. A. B 

Pyle, Dr. D 

Hoe, A. L 

Rooe, Charles .^ 

Wadsworth, H. L 

Wieland, C 

Winters, J. K. P 

Woodbnry, C. W., and C. E 

Yonng, T. M 

MIBSISSIPFI. 

BowdcD, L. A 

Coleman, T. B 

norer,Dr, T.W 

JackaoQ, K. S 

JenaioKB, Dr. 8. H 

Keenan, Miss W. E. A 

Lull, James S., and John F. Tarrant 

Payne, John S 

Robinson, Bev. E. 8 

Bond,?. J 

Coltraue, T. W 

DeWyl, N 

Fendler Aqk 

Harris, Wyatt 

Jones, Jno. P ..,......„..,.,..... 

Kancber, William 

Martin, Horace 

McCord, R. H , 

RuBgIe«,H 

Saliiliun^, S. W 

8mith, JohnM 

Stuntebeck, Bev. F. H., and A. Averbeck. 



Monroe, Monroe Connty. 
Copper Falls, Keneeoaw Connty. 
BensoDia, Beniie Connty. 
Ann Arlxir) Washtenaw Connty. 



Minneapolis, Hennepin Connty. 
Leech Lake, Caes Connty. 
Saint Paul, Bamsey Connty. 
Sylvan Part, Becker Connty. 
Afton, Waabington Connty. 
New Ulm, Brown Connty. 
Litch&eld, Meeker Connty. 
Beaver Bay, Lake Connty. 
Beaver, Winona Connty. 
Sibley, Sililoy County. 
Koniska, McLeod County. 



Philadelphia, Nesboba Connty. 
Holly Springs, MaishaU County. 
Marion, Lauderdale Conuty. 
Clinton, (Coll^^,) Hinds County.' 
Baldwin, Lee County. 
Brookhaven, Lawrence Connty. 
Colnmbne, Lowndes County. 
Grenada, Yslabneha Connty. 
Euterprise, Jasper County. 



Nevada, Vernon Connty. 
Cave Spring, Gi<eeue Connty. 
Jefferson City, Cole County. 
Allenton, Saint Louis County. 
Mount Vernon, Lawrence Connty. 
Keytesville, Cbariton Connty. 
Oregon, Holt Coauty. 
Comini, Holt County. 
Willard, Greene Connty. 
BoUa, Pbelps Connty. 
Kansas City, Jackson Connty. 
Hematite, Jefferson Connty. 
8aiut Louis, (Unirereit;,) Saint Ijooii 
County. 



Goddard, E. K... 
Mincsinger, J. M . 
gtnart, Oronville. 

Caldwell. Mm. E. E 

Dunn, William 

Hamilton, Bev.W.. 

Seltz, Charlee 

Smith, L.H 

Trnman, George S . . . 
Zabner.F 



. ^Virginia City, Madison Conuty. 
Missoula, Missoula County. 
Deer i<odge City, Deer Lodge Connty. 



Belle vne, Sarpy Connty. 
Emerson, Otoe Connty. 
Omaba Agency, Burt Connty. 
De Soto, Waahington Connty. 
New Castle, Dixon County. 
Santee Agency, L'Eau qui Court Conn^, 
ska City, Otoe Connty. 
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Xirt of meteoroloffical gtationa and observers for the year 1871 — Condnaed. 

Name of observer. 



SEW HAMPSHIRE. 

Brewster, Alfred 

Binwn, Branch --. 

Colby, Alfred 

Coiicb,E.D 

HnDtiDgton, J. H 

HniliD, Eev. W 

Kidder, L.D 

OdeU,F 

Beau, Tbomaa J. . . 

Brooks, 'William 

Chaodler, Dr. W. J 

Cook,E.K 

Fleming, J 

areeD,H. A 

Howud, ThomaeTJr 

lD|Tam,Dr.J 

Noll, A. B 

Palmer, Mrs. J, R 

Pecry, H. C 

Sheppard, Mi8eR.C 

Whitehead, W. A 

NKV YORK. 

Adriaoce, Cba«. B 

Albro, S. H., Mid Love, S. G 

ArcleD,T.B 

Arnold, C. P 

Baker, Qilbert D 

Barrett, A. J 

Banovrs, Captain 8...... . .. 

Bartlett,E. B 

Bn>wnell,W. A 

BnaBtog, J. W., aod D, 8. 

Clarke, B.W 

Cooler, ProfeeeoT J. 8 

Edwards, D 

QardinA, J. H 

Godfrey,M.P 

HaM,H 

Hacbenberg, Dr.O. P 

HeimKtreel, Juo. W 

Heodiicks, D. B 

HowelLB 

HnDt,G. M 

logalvbe, O. M 

Irish, Rev. Wm 

lve^W 

Jones, W. HartlD 

Johnson, Rev. S.W 

Keese,0. P. 

Lee, Lmlie A .... 

Mack,E.T. 

HaiUer,I.P 

Malcolm, W. 8 



Tam worth, Carroll County. 

Stratford, Coos Count?. 

QoffstowD Center, UilleboroDgh Coantf. 

Contoocookvtlle, Merrimack Ooautf . 

Hanover, Coos Connty. 

SoQth Antrim, HillsboTongb Conntv. 

Whitefield, Coos Coonty.' 

Shelbame, Com County. 



Moorastown, Burlington County. 
PaleraoD, Paasaio County. 
South Orange, Essex County. 
Trenton, Huoer County. 
Readington, Hunterdon County. 
At«o, Camden County. 
Jersey City, Hudson County. 
Viitelond, Cumberland Connty. 
New Oermantown, Hunterdon County. 
Bio Grande, Cme May County. 
Allowa;[stown, Salem Connty. 
Greenwich. Cumberland County. 
Newark, Essex County. 



Hector. Schuyler Conuty. 
Jamestown, Cbautauqna County. 
Garrison's, Putnam Connty. 
Angelica, Allegany Connty. 
Himrods. YaCes County, 
Lowville, Lewis County. 
South Trenton, Oneida County. 
Vermillion, Oswego County. 
Fairfield, Herkimer Connty. 
Minaville, Montgomery Connty. 



Carlton, Orleans County. 
Depaaville, Jeffeiaon Connty. 
Kocbester, Monroe County. 
Troy, Renwelaor County. . 
Kingston. Ulster Connty. 
Nichols, Tioga Connty. 
North Argjle, Washington County. 
South Hartford, Washington Connty. 
Lowville, Lewis County. 
Buffalo, Erie County, 
ijuspeuiiiou Bridge. 
Newark Valley, Tioga County. 
Cooperstown, Otsego Connty. 
Canton, Saint Lawrence County. 
Flatbnab, Kings Connty. 
Brooklyn. KinKS Connty. 
Oswego, Oawego Connty. 



..Google 
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Xdat o/meteoroU>(/ieal ttationt and dtervertfor the year 1871 — Contitmed. 



Kame of obaerv«r. 



Mew York— CoDttoved. 

HcNDtt, Randcdpli 

Heiritt, Jno. C, jT 

Uiller, J. Dawitt 

UorTU,lCiM E 

Honia^fofcMor O. W 

Naval HaniUl 

Partri«k,/M 

Boe, Sanford W 

Eoii^C.H 

Bawyer.OjF 

Smith, E. A., and danghtera ., 

Sonle, FrofMHir W 

Spooner, Dr. S...... ■• . 

'nnwliridKe, D 

Willia, 0. B., and dao^Un 

Wooeter, C. A 

Yalo,WalterD 

YouDK, J. M 

jrORTH CIBOUKA. 

Adams, ProCBHor £. W 

AUwoii,T. P 

Aston, Edw. J 

AostiD. Sobert H 

B«di,E.L , 

Benton, A- A 

GreeDS, J. E 

Hanoa, George B.... 

Hardy, Dr. J. F. E 

Harrell, John A 

Hioks,DT. W. K 

Howtu^ 8. A 

Kron, F.J ." 

LawKuoe, O. W 

Murdoch, W.H 

Norfleet,Tbo« 

Sherwood, Jno. H 

BaIluitms,W 

BuriDger, W 

Bingtnan, T. J., and King, J. P 

Biima,0 

Clarke, J 

Craoe, G, W 

Doyle, Joseph B 

DoDD, F. K. 

FerriM,E.J 

HaumiU, Jno. W 

Harper, G. W 

Ha;iTood, Professor J 

Herrich, L 

HuQtinffdoD, G. C, and D. K 

Hyde, G. A. 

Irwin, Dr. A. C 

Marsh, Mrs. M. M 

Mathews, J, McD 

McForland, FrofeMOT B. W 

HcGnne, Dr. James 

Morton, Dr. George B. 



Warrensborgh, Warren Connty. 
Faruiogdale, Queens Con nty. 
Fort Edward, Wasbingtoa Connty. 
Tbrog's Neck, WestohestM' Coonty. 
New York, New York Coonty. 
New York, New York Conoty. 
North Tolney, Oswego Connty. 



Moriohea, Snfialk County. 
Caioaovia, (Seminary,) Hadiwm 
Oneida, Uadison Conoty. 



Coan^. 



Waterbargb, Tompkins Connty. 
White Plains, WaatchsetBr Coonty. 
North Hammond, Saint Lawrenee Connty. 
Honseville, Lewis Coanty. 
Weet Daj, Saratoga Coanty, 



GoldsboroaEh, Wayne County. 
StatesviUe^Jbiidoll Coanty. 
Aaheville, Bnncombe County. 
Tarborough, Ed&eoombe Connty. 
Lenoir, Caldwell County. 
Edenton, Chowan County 
Bakersville, Mitobell County. 
Charlotte, (Hint,) Meckleuburgh County. 
Asbeville, Bnncombe County. 
Weldon, Hali&x County 
Oxford, Gisuville Coanty. 
Oieensborongb, Guilford County. 
Albemarle, Stanley County. 
FajetteTille, Cnmberiand County. 
Raleigh, Wake Coanty. 



Saao. 

Bellefoutaine, Logan Connty. 
Pennaville, Morgan County. 
North Fairfield, Huron County. 
Bowling Green, Wood County. 
Bethel, Clermont Coanty. 
Steubenville, Jeffereon Coanty. 
Gambler. Knoi Cpunty. 
Painaville, Lake Connty. 
College Hill. Hamilton County. 
CinciooaCi, Hamilton Connty. 
We8tervi!le,(Uuiv'y,) Franklin C 
Oberlin, Lotain County. 
Kelley's Island, Erio Connty. 
Clevelaud, Cuyahoga County. 
Farmer, Deflanco Connty. 



Kipiey, Huron County. 
Hillsborouvb, Highland uouniy. 
Oiford, (HiHUi Uuiv'y,) Butler County, 



UETEOBOLOQICAL ETATIOSS AND OBSEBTERa. 71 

lAatiif .Meteorological atatiam and observers /or the year 1871— ContiDaed. 



Najne of obaervei. 



Obio— Continued. 



MUler.Dr. R 

NMlVnwrnM t.. 

Owiiay, Dr. J. B 

Pettengtir, L McK. 

FluUipSiB. C 

PolloA, RxT. J. B 

Bodnn, AlasandwP...— 

SUw.Dr.W.S. 

ShiaW^J.H 

8bnr«, C. B_ %a& Martha.. 

aalu^c. J 

SviUiiDr.C. H. 

8UUiraU,C.A 

Tboaopaon, Bar. D 

True, Dr. H. A. 

While, J. H 



Oxer, H. A., and J. S. Beed. . 

Pesrce, Tlioinaa 

Wilaon, Lonia 



PBNN8TLVANU. 



Albree, C. and G«OTge. 

Bealle7,E.T 

Block, Sunnel A 

Cook, Dr. W. H 

' ConoQ, U.H 

CnmniiDgB, J 

Cortia, A.W 

Sariinetoii, F 

Day, Tbsodore 

Feicht, B 

Fenton.E 

OntkwoU, Jobn 

HsDee,E 

Hawortti, J..... 

Hoffflt, Dr. J. B 

Habte, Dr. J. Allen... 
Jsmee, Pnletaor C. S. 

Jefferia,W. A 

Kirkpatrick, J. A 

Kohler.E 

Lefever, Jacob , 

Uadlem, William F... 
Maraden, Dr.J. H.... 

Uartio, Dr.GMrge.... 

HcConueU, £. H I New Castle, LawreocB County, 

HeehaDfT ' Germantown, Fbiladelphia County. 

Kaval Hoapital : Philiidelpbia, Philadelpliia County. 

Greenville, Uercer County. 



Ci 

M y. 

Hodaon, Hnmout uoooty. 

Kenton, Hardin County. 

Adams' Mills, Unakingnm County. 

New BitmiDnham, Gnemaey County. 

Uarion, Harion County. 

Cioiunnfttt, (Mount Aubnm Ladiea* Inati- 

tnM,) Hamilton County- 
Willuunsj^rt, PiiAkirar County. 
Urbana, (UniTersity,) Cnampaign ConntJ. 
Wooster, Wayne Conntj. 



Portland, Multnoraab. County. 
Eola, Polk County. 
Jatoiia, Clatiaop County. 



Pittaburali, Allegheny County. 
Tioga, Tiosa Coonty. 
HarriBbuKh, Danpbin County. 
Carlisle, Cumberland Connty. 
Plymouth Meeting, Montgomery Connty. 
Tarentum, AlleghauT County. 
Catawiasa, Scbuylki 11 County. 
ParkerayJUe, CliBBt«r County. 
Dy berry, Wayne Coonty. 
Aliegbany City, Alleghany bounty. 
Graiupian HilU, Clearfield County. 
Kyce'a, Pike County. 
Fallaington, Buck's Cnnnty. 
Hazleton, Luieme County. 
Mount Joy, Lancaster County. 
Brownsville, Fayette County. 
Iiewiaburgh, Union Coonty. 
Weetcbeetei, Cheater County. 



Philadelpbia, Philadelphia County. 

Egypt, Lehigh County. 

Mount Bock, Cumberland Connty. 



Ephrata, Lancaster Connty. 

York Sulphur Springa, Adams County. 

West Chester, Cheater County. 



Packard, Kl 

P«oIor,D 

Baaer, J. Heyl . . 



. Johustown, Cambria County. 

. Beading, Beiks County. 

. Factoryville, Luzeme Coonty. 

. Cannonsburg, (Cql.,) Wuahington Coon^. 

. Horabam, Montgomery Conuty. 



72 METEOBOLOGICAL STATIONS AND 0B8EBTEB8. 

IA»t of meteorological ttaUoi^ and obterwrs/or the year 1871 — Continaed. 



Namo of observer. 



PsNNSTi-VAXiA — CoatJDQetl. 



8per«,W.H 

Stocker, J. D 

Slump, J.M.L. 

Tmylor, John 

Tavlor, BeT.B.T... 
Toimaa, Bat. M. A. . 

Taraer,E 

Walker, S. C 



SOUTH CABOUNU. 



ConiiBb,BeT. J. H 

Gibbon, Lardner 

Petty, Charlca Jt.. 



BV.C.P.P 

- CalboQD, P. B 

Doak, 8. S. it. W.8 

Franklin, Dr. W.E 

Grigdby, William T 

Lewie, C. H 

Payne, ProfeaioT J. K 

Stewart, ProfeHOT W 

Wright, T.P : 



Anderson, Her. J . 
Baxter, UiMB.... 
Davis, Bomnel .. 

Piet 






aiasoo, J 

HeatoD,L.D 

Leoni, Oeorfte N .. 
Martin, Allen - - . - - 
Fetteraen^ 



Van Noetrand, J - . 



Ballook, T-.... 

Ford, A. C, and Charles Vieneg. . 

Lewie, James 

Phelps, W.W 



Barto, D. C. and M. E 

CattJDff, H. A 

Doton, H., and L. A. Miller.. 

Oilmour,A.H. J 

KeDDcd j, J. C 



Epbrata, Laneaaler Coonty. 
Hunlintown, Wayne Coonty. 
GTeenBbnrsb, WestmoreUnd Coonty. 
ConnetiaviUe, Fayette Connty. 
BeaveT, Beaver County. 
Franklin, Venaneo Connty. 
Germantown, Pbiladelpbia Connty. 
Fonntaindale, Adama Connty. 



Newport, Newport Coonty. 



Aiken, Barnwell County. 

Hacienda fialoda, Greenville Connty. 

Growdeyeville, Union County. 



Lookout Monntain, Hamilton County. 
Austin, Wilson Connty. 
Oreeneville, Greene Connty. 
Lagrange, Fayette Connty. 
Trenton, Gibson County. 
ElizabethtowQ, Carter County. 
KnoxvUle, (ITniveisity,) Knox Connty. 
CI arks ville,( Stewart College, )MontgomerT 

Connty. 
Clearmont, Warren Connty. 



Clarksville, Red Biver County. 

Honston, Harris County. 

Delotaine, Hnnt Connty. 

Bluff, Favette Connty. 

Gilmer, Upehnr Connty. 

Lavaca, Calhoun Connty. 

Clear Creek Station, GalveetoB Connty. 

Clarksville, Bed Biver Connty. . 

San Antonio, Bexar County. 

Oakland, Texas Connty, 

Aostin, (Institutioa for- Deaf and Dumb,) 

Travie Connty. 
Sand Fly, Burleson Connty. 
Clinton, De Witt Connty. 



Coalville, Snmmit County. 
Camp Douglas. Salt Lake Connty. 
Hameburgh, WMhinglon Connty. 
Salt Lake City, Salt Lake County. 



Panton, Addison County. 
Lnnenbursb. Bsaex County. 
Woodstock, Windsor Connty. 
Saint AlliRiiH. Franklin Couutv. 
rtrltiins County. 
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JArt of meteorologieal «tationt and oiservert/or the year 1871— -CoDtinaed. 



Name of obwrrer. 



Tebmont— ContiDQed. ■ 

P*)De,C. 8 ...; 

Pbeljw, Sftmnel B 

Kobinaon, Geo. W 

Wild. RoT.E. P 

Willums, Bev. B.Q 

WiDg.UiaerraE 

VIRGINIA. 

Binfeid, B 

Bowm»ii, O. A - 

Brown, Bev, JamcaA. 

CampbeU, ProfoMor J. L 

ClikniberUii, Ura. 8. £ 

Clarke, Dr. JamM T, aod Miaa Bell Clarke. 

Covell, J.C 

OillJDgbtuD, C 

Home, Captain D. B 

Jones B. W 

Hartin, W.A 

Meriwether, C. J 

HooTtsC. R 

Naval Hoepital 

Payne, D 

Bobey, BtDdolph 

SkermBn, J. U 

Tayloe, E.T 

Thrift, MiML.B 

TawDMDd, EmmaC 

W)]liaiua,F 

Williaiii0,H.C 

WASBCIGTOK TEttRTTORT. 

JIoCall,C 

SampeoD.Alei. U 

Whitcomb, Thomas U 

WEST VHtGtNlA. 

OwcD, Benjamio 

EoffiBpC. L - 

W19C0SSIS. 

Beloit College 

Breed, E.E 

CnrtiB,W. W 

Daoielln Profewor W. W 

DeL;«er, John 

I>iui)(Bn, J. L ............. 

Foye, PcofeBBor J. C ......... , 

Lapham, I. A., LL.D 

Lttps, Jac4)b Bod MJM C 

Mead, H. C 

(yDoooffhoe, J 

Pegler,T!ev.G 

e3)mU,H. J 



East B«tbel, Wiodsor Coauty. 
Norwich, Windsoi Conoty. 
Mount AJithony, BsDniugton Coonty. 
Crafttbory, Orleane Cuuaty. , 

CastletoD, (Normal School,) Ratland 

CoDnty. 
Charlotte, ChitteodeD Connty. 



Ziuii Station, lale of Wight County. 
Vienna, Fairfax County. 
WytheviUe, Wythe County, 
Lexinston, Bockbridge County, 
Watenord, London Connty. 
Mount Solon, Angosta County. 
Staunton, Augusta Connty. 
Moaut Vernon Township, Fairfax Conn 
Cedar Hill, Albemarle County. 
Boeon'i Castle, Sor^ Couuty. 
Piedmont Station, Fanqoier Connty. 
I<ynchbnigli, Bedford Connty. 
JohnsontowD, Northampton Connty. 
Norfolk, Noriblk Connty. 
Markbam Station, Fanqoiet Connty. 
Vienna, Falrfhx Connty. 
Hampton, Eliiabeth City Connty. 
Comom, King Cteorge Connty, 
Fairfax Conii-Honie, EUrfax Connty. 
CapevUle, Northampton Connty, 
Piedmont Fauquier County. 
Vienna, Fairfax County, 



Cathlamet, Wahkiakum County, 
Port An^eloB, Clallam County. 
Union Ridge, Clarke Connty, 



Beloit, Boek Connty. 
Embarraa, Waupaca Connty, 
Rocky Run, Colnmbia County, 
ModiBon, (University,) Dane Connty. 
Hingham, Sheboygan Connty. 
New Lisbon, Jnnoan County. 
.^pleton, Outagamie Connty. 
liulwankee, Milwaukee Connty. 
Manitowoc, Manitowoc Connty 
Waupaca, Wanpaca County. 
MoBinee, Marathon County. 
Tunnel City, Monroe County. 
Edgerton, Rook Connty. 
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Lilt 0/ nuteorologieal stationi and obaervers for the year 1871 — CoBtianad. 



Namaofotwerver. 


AddreM. 




BayfleldTBiyfleld County. 

0«iieTa, Wabwh Cmaty. 
Slnrgeon Itof, Dow County. 

Uramie City, Albuy Cwmty. 










vTonnro txbbhoby. 
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ADDITIONAL METEOROLOGICAL MATEELAL RECEIVED IN 
1871 AND KEPT IN THE SMITHSONIAN INSTITOTION. 

Albree, 0., PitUbmyh, PennsyhaniQ- — Record of veather and indica- 
tions. 

Andrews, Luman, 8outhingt<m, Connecticut. — Cbatt of auroras eeea 
October 14, 1870. 

BaUou, NaAvm E., Sandwich, lUirtois. — Monthly abstracts of tempers- 
tale and raiii-&U obserrationa. 

Aunaal abstract for 1S71. 

Barnard, A. D., San JBuCTkireMftira, California. — Account of northern 
Ught seen Jane 17, 1871. 

Barnes, 0. W., San IHegb, California.— "Sot^B of observations made on 
a trip to tbe monntains. 

BarratuL, A. £., Paequett^s Ferry, Iowa. — Obserratioos of tempera- 
tore and state of veather at 7 a. m., 12 m., and 8 p. m. 

Bissey, Charles E., Iowa State Agrieultwal College, Ames, Iowa. — Ac- 
oonnt of aurora seen June 17. 

Bland, T., New TorA;.— Meteorological observations in Barbadoes 
October, 1871. 

Boemer, Charles 0., Vevay, IndiaTia. — Observations of August sbover 
of meteors. 

Branly, E. S., Amesville, Ohio. — Account of weather and crops. 

Bryant, A. F., Fontaitelle, Iowa. — Acconnt of wind-storm. 

Bnehner, H. F., Muco, Creek Nation. — Thermometric observations for 
1861 and 1871 at 7 a. m., 2 aud 7 p. m. 

Burrat, 0., North Fairfield, Ohio. — Account of the great tomiido of 
Joly 16. 

Sutby, D. Benjamin, Pomaria, South Carolina. — Report of observations 
of wind and rain-fall, for November, 1871. 

Carlton, A. T., Stoutville, Camden County, Slissouri. — Register of tern- 
peratore and direction of wind irom November 13 to November 30, 
1871. 

Central Park, Sew TorJc. — Weekly abstract of barometric and thermo- 
metric observations at 7 a. m., 2 p. m., and 9 p. m., and of the direction, 
force, and velocity of wind, and amonnt of cloud and rain. 

Chase, Pliny E, — Monthly and annual rain-carves at Lisbon. 

Chasaro, M. M., San Juan. — Observaciones meteorologicas en Octobre, 
1871. 

Clarke, John. — Weather predictions for August. 

Ciemson, Thomas 0. — Climate of South Carolina. 

Cochrane, J.— Accooot of tornado near Mason City. 

Coekrell, Thomas J., Natchez, Mississippi. — Daily record of height of 
barometer and thermometer, 6 a. m., 12 m., and 6 p. m., and direotioQ 
of wind. (Newspaper slips.) , C, i,>OQ Ic 
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C^nniiurAani, 6. A., Lunenburgk, MastaehiaetU, — Monthly rain-teble 
fi-om 1841 to 186S and monthly means of temperatnre fix>m 1S38 to 1868. 

Curlt, T. J. — Obeervations in support of theory that anTtl-shaped 
ctonds alvays indicate rain. 

Ihvitm, C. E.y Wa^Umd, Michigan. — Weather report 

I>otoHf JJoiea, Woodstock, Vermont. — Sketch of mooittains aroniid 
Kinington, Yennont. 

Edtcardt, Daniel, Little Genetee, 2feio York. — Account (rf the weattaw 
during Angnst 

Engineert, Battalion of, Willefs Point, Xew York Harbor. — Horaiy 
corvea — barometer, thermometer, psychrometer. 

Ewing, Charles Q., 8aa Francisco, Calt/orjito.— Monthly report of 
barometric, thermostetric, psychrometric, and rain-&ll observations at 
8^ a. m. (Xewsp^per slips.) 

Table showing quantities of rain falling in each month from 1865 to 
1870. 

Fogle, D., Williamsburgh, Kansas. — Observations of temperature and 
rain-fall, 7 a. m., 2 and 9 p. m. 

Fosta; B. W., New Orleans, Loui^na. — Weather notes for Greenville, 
during October, 1869. 

Gatchell, B. T, f.— Climate of Colorwlo Springs. 

Ql&uon, William, Arvm, Maine. — Meteorological record for Jnly, 
(temperatnie and wind obseRrations at noon.) 

Qrady, B. F., Jr. — Condensed meteorological observations for Angnst 

Grant, W. T. — Diagram of thermometrical observations. 

Green, S. A., Atco, New Jersey. — Eegieter of observations of tempera- 
ture at Atco, Xew Jersey, May, 1871. Thermometric observations from 
November, 1870, to March, 1871. 

Greethurst, Joseph, Enterprise. — MoDthly report of weather and crops. 

Hannah, 8. W., Washburn, Missouri.— Report of rain-fall in March, 
April, and May. 

Higgins, F. W., Detroit, Michigan. — Table showing highest and 
lowest range of the thermometer, mean monthly temperatore, highest 
and lowest daily mean in each month, amount of rain.and melted snow, 
monthly mean of cloudiness, prevaUing winds, &c., at Woodmere Cem* 
etery, near Detroit, Michigan, daring the year 1871. 

Howard, Thomas T., Jr., Jersey City, Xew Jcracy.— General remarks to 
accompany meteorological reports. 

Quarterly report of meteorogical observations at Jersey City, New 
Jersey. 

Synopsis of meteorological register. 

HylaTid, W., Cherokee County, Kansas. — Monthly weather report. 

Hough, 0. TT.— Description of automatic registering and printing ba- 
rometer. 

Jackson, George L., Vandalia, Illinois.— Aacoviat of cold. 

James, J. W., Riley, Illinois.— 8n">">^'-" of meteorological olwervataons 
for the year 1871. ' '^■"*^8'^ 
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Jemdlj J. G., M. £>., Consul at Singapore. — Copy of Sarawak Gazette 
contwDiog rep(M*t of temperature aod rain-fall on tbe Qaop estate in 
Sarawak for 1870. 

Keutgen, C, Jr.f Staten Island, AVw York. — Meteorological obserra- 
ioDS, for the year 1871. 

Synopses of meteorological observations. 

Kinff, Thomas i)., Montreal, Canada. — Monthly register of thermom- 
etric and barometric observations. 

£1119, William, Neirton Falls, Ohio, — ^Temperature observations at 7 a. 
m., 2 and 9 p. m., and diagram of same. 

Langguth, J. (?., Jr., Chicago, iIIi7H>t8.i-AccouDt of bail-storm. 

Lapham, I. A., MilwavJcee, Wisconsin. — Dates of closiog and opeoing 
of Milwaakee Kiver from 1836 to 1871, aod account of Wisconsia 
meteoric iron. (Newspaper slip.) 

Leoni, Qeorge If., Clear Lake, Galveston County, Texas. — Resalt of 
meteorological obaervationa for July, 1871. 

Zetcis, George H., Atlantic, Wyoming Territory. — Itlonthly report of tem- 
perature and rain-falL 

Zogatt, Thomas M., Santa Barbara. — ^Temperature, vital statistics, &c., 
of Santa Barbara, ("Santa Barbara as a sanitarium," in Scientific Press.) 

MaUler, T. P., Brooklyn, New York. — Account of the earthqmike on 
Jane 19, 1871, (newspaper extract) 

Mapes, Henry M., Oahtomo, Michigan. — Monthly weather notes. 

Martin, Allen. — Meteorological observations for July, 1871. 

McCall, C% Olympia. — Acconot of rain-storm. 

McCorA, K. H., Springfield, Missouri. — Acount of rain-storm June 5, 
1871. 

Mills, George. — "How it feels to be struck by lightning." 

Moss, Q. B., Belvidere, Illinois. — Monthly abstracts of register. 

Abstract of register for the years 1868, 1369, 1870, 1871. 

Mueller, Dr. E., Carthagena, Ohio. — Monthly record of casual pbCDOm- 
eua, &c Appendix to register. 

NoU, Arthur B., Seu! Germantovn, New Jersey. — Monthly reports of 
range of barometer. 

Odell, Fletcher, Gorham, New fliumps/Hre.— Weather notes from April 
to October, 1871. 

Oaen, Benjamin, Weston, Lewis County, West Virginia. — Monthly ob- 
servations of temperature at 7 a. m., 2 p. m., and 9 p. m. 

Palmer, Dr. E. — Scrap-book containing meteorological observations 
for points in ITebraska. 

Pastorelli & Co. — Description of storm rain-gauge, designed by G. J. 
Symona, for observation of rate of fait. 

Patterson, A. B., Saint Paul, Minnesota. — Monthly meteorological notes 
(newspaper slip.) 

Payne, John K., Knoxville, Tennessee. — Account of weather and crops, 
July and August, 1871. 
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Peeltn; D., Johnstoumy Pattujflvania. — ^Table givios temperatare of the 
earth at depth of 1 foot, from April, 1869, to April, 1871, indnsiTe. 

Pettersen, Fred., San Antonio, Texai. — Diagram representing the 
relative frequency of the different winds, according to observatiens 
made daring three years. 

Alean temperature and rain-fall at San Antonio de Bexar, 1868, 1869, 
1870, 1871. 

Piatt, Luciano, San Salvador. — Obserracionee meteorologicas hechu 
en el laboratorio de la facnldad de medecina de San Salvador durante 
la semana uona de 1871. Semana segnnda. 

Poole, Henry. Olaee Bay, Cape Breton, Nova Scotia. — Meteorological 
register kept during the years 1867, 1868, 1869, 1670, 1871. 

EedtUng, Tkomat B., Newcastle, Indiana. — Account of aarora seen 
June IS. 

Beed, Lyman, Keu York. — Lunar mootbly vesther predictions. 

Sartwell, H. P., Pent) Yan, New York. — Bister of meteorologies 
observations. (Prepared for Yates County Whig.) 

Seltz, Cliarleg, De Solo, A^etroefca.— Account of storm of July 28, 1871. 
(Newspaper slip.) 

AceouBt of rain-Btorm in Omaha. 

Shepherd, Smiley, Bennepin, Illinois. — Monthly abBtract of thermome- 
tric ot>8erTations. 

Siffnal-Office, Washington, D. C. — Daily weather maps, 7.35 a-m.; daily 
weather balletins, i.35 p. m. 

Barograms for November, 1871. 

Sisson, Rodman, Abington, Pennsylvania. — Account of a Tiolent hail 
and wind storm, and account of a terrible tornado at Hopbottom, July 
0, 1872, 

Account of auroral display of October 16, 1871. 

Table showing mean temperature of each year from 1864 to 1870, 
inclusive. 

Blade, Elisha, Somerset, Massachusetts.— yionlMj report of observa- 
tions of mazimnm, minimum, and mean temperature, direction of wind, 
and state of weather. 

Mean temperature tbird and fourth qnartera 1871. 

Smithsonian Institution, Washington, D. C. — Diagrams from recording 
barometer and thermometer. 

Snow, F. H,, Lawrence, JaMos.— Summary of meteorological observa- 
tions for the year 1871. 

Barometric, tbermometric, and paychrometric observations, 7 a. m., 2 
p. m., 9 p. m.; direction of wind, amount of rain, force of vapor, &o. 

Stephenson, James, Saint Inigoes, Maryland. — ^Weather not«8 for April, 
1871, 

Btdneman, U., Eckhart Mine, Alleghany County, Maryland. — Bain-flill 
observations, 1864 to 1868, inclusive. 

Sutton, E. S. — Diagram of meteorological observations.- i. 
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Sternberg, George M. — DeBcription of improTed anemometer. 

Tagloe, Bdward. — Weather report. 

Tennenf, Tkomax, San Franciaeo, Co/i/omta.— Bain-fall for parta of 
1840-1850. 

Tniman, George 8., Santee Agency, N'dfriuia, — Monthly report of tem- 
peiatare, direction of wind, and state of weather. 
Diagrams of parhelia, Kovember 22, 1871. 

Turner, Emeat, OermanUtum, FenTuylvania. — Effect of ligfatniog id 
West Philadelphia dnring stonn of Jnly 11, 1871. 

Wadmcorih, S. L., Litchfield, Mirmeeota. — Diagram of halo seen &om 
litchfield, December 27, at 9. p. m. '* 

Walton, F. P., Muieatine, Iowa. — Gondenaed report for 1871. 

TTeW, John 0., Little Saraata, Southern Florida.— ISotw ou two cyeloneB 
in Angnst, 1871. 

WUteomi, Tkomat M., Union Ridge, Clarke Conviy, Wa»hington Ter- 
ritory. — ^Anrora observed Joly 21, 1871. * 

White, J. S., Cincinnati, OUo.— Summary of meteorological obeerva- 
tions for the year 1871, made at the Mount Aobam Yoong Ladie^ 
iDBtitnte. 

Whitehead, W. A., Newark, Neto Jersey. — Yearly meteorologioal retort 
for 1871. 

WiUtur, Benjamin F., Wett WaterviUe, Maine. — Cjuo-fiUl in 'August, 
1871. 

WiXliaMt, M. C, Viaaia, Virginia. — Synopeia of obserraCioDS made 
by FrRDktin Williams, of Piedmont, Fanqnier Ooonty, Yirginia. 

WUliame, B. O., CatUeton, Vermont — Diagrams exhibiting c<«ipari- 
■ui of Mason's and Boehlen's and Staetalen's hygrometere. 

Wing, Minerva E., West Charlotte, Feraiofit.— Account of sunriee-phe- 
nomeoa. 

Record of periodic phenomena at West Oharlotte, Yermont. 

We^ly meteorological records, (newsp^)er-slip8.) 

Witter, D. X., Woodbine, iotca.— Account of Oie weather. 

Wright, T. W. ^.—Bain-table and remiu-ks on climate for a portion of 
San Joaquin Valley, Oalifomia. 
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METEOROLOGICAL ARTICLES EBCEIVBD BT THE INSTITIJ- 
TION AND DEPOSITED IN THE LIBBAET OF CONGRESS, 
1871. 

AUBOEAS. 

Aid*ore bor^ale et aatres pb^nomfenes m^tSorologigaes observes eo 
Pi^moBt le 3 Janvier 1S70. 

Aurora polare osservata in Fiemonte nel 5 Aprile 1870. P. Frao- 
ceBcoDenza. 
^ Le auTore boreali e la loro origine cosmica. Professor G. B. Donati. 

Aororal belt of October 24, 25, 1870. American Journal of Science 
and Art, vol. i, pp. 73, 126. 

Aurore bor^aJe da 9 novembre. Observations feites & Brest, par M. 
l?arry. Comptes-reDduB hebdomadaires dea stances de Tacad^mie 
dea sciences, tome IjA^tii, No. 21. 

Anrorea boi<3lesob9erv6esftVend6meea 1870. E. Eenon. Comptes- 
rendas hebdomadaires des stances de I'ocad^mie des sciences, tome 
Ixxii, No. 10. 

Observations on tbe variation of tbe magnetic declination in connec- 
tion with the aurora of October 14, 1870, by Alfred M. Mayer. Ameri- 
can Journal of Science and Art, vol. i, p. 77. 

Observations snr les re'lations qui existent entre les apparitions des 
anrores bor^es et les variations de temperature. Ch. Sainte Claiie De- 
ville. Comptes-rendus' hebdomadaires des stances de I'acad^mie des 
sciences, tome Izzii, No. 13. 

Becent auroral displays in the United States. American Journal of 
Science and Art, vol. 1, p. 309. 

Belation of auroras to gravitation-currents, by .Pliny E. Chase. Amer- 
ican Journal of Science and Art, voL ii, p. 31L 

Snr les anrores bor^ales des 9, 18 et 23 avril vues en It^ie. L. P. 
Denza. Compt«s-rendns hebdomadaires des stances de Pacad^mie des 
sciences, tome Ixxiil, No. 1. 

Snr TauTore boi4ale du 9 avril 1861, observ^e & Angers. A. Cheux. 
Comptes-rendus hebdomadaires des stances de I'acad^mie des sciences, 
tome Ixii, No. 24. 

Snr I'aurore bor^ale observ^e en Italic le 12 f^vrier 1871. P. Denza. 
Comptes-rendus hebdomadaires des stances de I'acad^mie des sciences, 
tome Izxii, No. 13. 

Note concemant une aurore bor^ale et divers aatres ph^oom^nes m^- 
T^rologiques observes en Pigment le 19 juillet 1869. M^moices de 
I'acad^mie des sciences de I'institut de France, tome Ixx. 

EARTHQUAKES. 

Earthquake in New Jersey, Delaware, &c American Journal of Sci- 
ence and Art, vol. ii, p. 388. f^fifialc 
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On die supposed eartliquake-^ave, by Mr. Ellery. Transactions and 
proceedings of the Royal Society of Victoria, vol. ix. 

O&serratioDe sol terremoto del 2G Agosto 18G9 pell' Palmieri. Ben- 
dicoDti dell' academia delle scienze fisiclie e matematicbe, Sept. 1869, 

Alconi ossCTvazioni in proposito de terremoti di sannicaDdro. Ben- 
diconti dell' academia deUe acieuze 'fisiclie e matematicbe, Sept. ISCd. 
Palmieri. 

Tremblemeot de terre i Douai le 25 Janvier 18G7. Bulletiu agricole 
de I'atTODdissement de Donai, anu^s lS66-'^7-'C8--'C9. 

Kote 8Dr les tremblements de terre en 1363, avec supplements pour les 
aan^ ant^rieures. Alexis Ferrey. 

8nr lea tremblements de terre et les Eruptions volcaniques dans I'ar- 
cMpel Hawaleu en 1368. Far M. Alexis Ferrey. 

Los ecos de nna tempestad seismica. Yargasia. Boletin de ciencias 
fisicas y naturales de Caracas, So. S, 1868. A. Bojos. 

ELECTRICITY. 

JTotice sur la production successive d'ticlairs identiquos, aus m^mes 
lietLS de I'atmosph^re, pendant I'orage du 2 juillet 1371, par M. Mon. 
tigny. Boltetin de I'acad^mie royale des sciences, des lettrcs et des 
beaux arts de Belgiqae, Ko. 8. 

U^moire but Vorigine celeste de I'^Iectricit^ atmospb^rique. Comptes* 
rendua hebdomadaires des stances de Pacad^mie des sciences, tome 
lixii, No. 23. 

FOEESTS, IKFLL-ENCE OF, ON CLIMATES. 

Annual report and transactions of tbe Adelaide Fbilosopbical Society 
for the year ending September 30, 1871. Dr. Schomburgb. 

De la temp^hitare de I'air bors bois et sons bois. Des qaautit^s 
d'eaa tomb^es pr&s et loin des bois. Par MM. Becquerel et flls. M^- 
moires de I'acad^mie des sciences de t'institut de Fiance, tome xxxv. 

GENERAL METEOEOLOOy. 

Suggestions on a uniform system of meteorological observations. 
Utrecht, 1872. 

American weatber-notes. Fliny £. Chase. American Journal of Sci- 
eace and Art, vol. ii, p. G8. 

Symptdmes du temps, d£t«rmines par Tetude des regions supcJrieures 
de I'atmosphtre. Comptes-rendus hebdomadaires des stances de I'aca- 
d4mie des sciences, tome Ixxii, No. 13. 

Zeitscbrift der ijsterreichischen Gesellschaft fjir Meteorologie. Eedi- 
girt von Dr. C. Jelinek nud Dr. J. Hahn. Wien, 1370. 

Fisica del globo. G. Boccaxdo. Geneva, 1868. 

Verschiedene gesammelte Notizen. nagenback. Yerbandlungen der 
naturforscfaenden Gesellschaft in Basel, fUofter Tbeil, drittes Hell. 

Bepert«rium fiir Meteorologie. Heraosgegebeo von der kaiserlichon 
Akademie der Wissenscbaften. Band ii, Heft i. , h CiOOqIc 

6 s 71 O 
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Sor la loi d'^rolntion similaire des pb^Domfeaes m^t^rologiqnes. A. 
Poey. Comptes-rendus bebdomadaires des stances de I'acadSmle des 
sciences, tome llxiii, Ko. 14. 

HAIL. 

Balzhagel vom St. Gotthard. ViertelJalirBacbrift der aatDrforscfaw- 
den Gesellschaft in ZUrich. 

Sur la grSIe tomb^e le 22 mai 1870, par M. Treotd. M^moires de 
I'acad^mie des scieDces de I'institnt de France, tome Izx. 

M4moire snr les zones d'orages it gr&le dans les d6partementa d'Enre- 
et-Loir et Loir-et-Cher. Mi^moires de I'acad^mie des sciences de I'lnstitot 
imperial de France, tome xxxv. 

La bourrasque dn 11 jnillet et les orages i grele dons Test de la Prance. 
Ooyot. Comptes- rendu s bebdomadaires des stances de t'acad^mie des 
sciences, tome Ixxiit, "So. 5. 



Halo lunaire vn do deux stations diff£*reutes. W. l>e Fonviellc. Oomp- 
tes-reudiis bebdomadaires des seances de TacaJemie des sciences, tome 
Ixxii, Ko. 9. 

Unusual exhibition of balos. American Journal of Science and Art, 
vol. i, p. 150. 

IKSTKUMENTS, 

A barometer witbout mercary. Journal of tbe Franklin Institul<\ 
vol. fi3, p. 81. 

Kotes on aneroid-barometers and on a method of obtaining tbeir errors. 
EUery. Transactions and proceedings of the Koyal SoQiety of Victorid, 
vol. ix. 

Tide-gange for cold climates. American Journal of Science and Art, 
vol. ii, p. G7. J. M. Batcbelder. 

Description d'na m^t^orographe enregistreor, constmit pour I'obser- 
vatoire d'Upsal. Dr. A. G. TbeoreU. 

Ueber die Leistungen eines an der k. k. Centralanstalt fiir Jleteo- 
, rologie befindlicben registrirenden Thermometers. Von Dr. C. Jelinek. 

Eib Barometer ohne Qaecksilber. Aus der Natur, neue Folge, id. Band. 

Formel fur barometriache Hiihenmessimg, Verbandlungen der natur- 
forscbenden Gesellscbaft in Basel, fiinfter Theil, drittes Heft. 

Fiillung von Barometerriihren ohne Kochen. Aus der Natur, neae 
Folge, 4C. Band. 

Ueber eine Metbodd zur Fiillung der Barometerrobren. Arcbiv der 
Mathematik nnd Physik, dreiuDdfunfzigster Theil, viert«B Heft. 

Descrizioni dell' igrotermografo del E, osservatorio di Modenadel Prof. 
Domenico Kagona. Annnario delta societa dei naturalist! in Modeno, 
aimo V. 
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On a new inBtrnment for recording minnte variations of atmospheric 
pr^snre. Wbiteboase Wildman. Prooeedings of the Royal Society, 
ToL xix. Kg. 129. 

LOCAL METEOROLOGY. 

EUROPE. 



Zeitscluift <ler osterreichisclieQ Gesellacbaft fUr Meteorologie. Bedi- 
girt von Dr. C. Jelioek und Dr. J. Habn. Wien, 1870, 1871. 

MatcryaJy do klimatografli galicji zebraue przez sekcye meteorolo- 
giczna komisgi flzyograficzny nauk Krakow kok 1870. C. K. Towarzvtwa. 

U^bcr die Utgliclie and jiihrlicbe Periode der relativen Feacbtigkeit, 
Wien, Sitzuugsbericlite der kiiiserlicben Akiidemie der Wissenecbaften. 
Oct. 1870. Wittek. 

BELGIUM. 

Obsenations dea pb^nomfenes p^riodiquea pendant TanmSe 18C9. 
(Extrait da tome xxix des M^moires de I'acad^mie royalede Belgiqne.) 

Annales mfit^orologiqnea de I'observatoire royal de Brnsellee, par A. 
Quetelet, 1869. 

DENMA&S. 

AarsberetDing fra det kongelige Laiulbusboldniiigaelskalis meteo- 
rologiske Komite for ISGS and 18G0. 

ENGLAND ASD SCOTLAND. 

London. — Quarterly weatber-reports of tbe Meteorological OfQce, April 
to September, 1870. 

Eemarks on tbe weatber during the quarter ending Jane 30, 1871, by 
James Glaisber.' 

Proceedings of tbe Meteorological Society, June, 1871. 

Oxford. — Resnits of astronomical and meteorological obf!er\-atioDS at 
HaddiStt Observatory, Oxford, for tbe year 18C8, by Robert Main. Ox- 
ford, 1871. 

Brighton. — The climate of Brighton, by Samnel Barker, Edwin Row. 
ley, and Fredk. Ernest Sawyer. (Reprinted from tbe Brighton Daily 
Sevs, Jnne, 1S71.) 

CornwaU, — ^Meteorological notes for 1870. Journal of the Royal Insti- 
tntioa of Cornwall, Apiil, 1871. 

Sixtland. — Jonmal of tbe Scottish Meteorological Society, with tables, 
1871. 

FBANCE. 

Kot« snr le service m^t^orologiqae de robBervatoire de Paris. Cemp- 
tes-rendos hebdomadaires des stances de I'acad^mie des sciences, tome 
Itiii, No. 8. Belannay. 

Sote snr Itiver de 1870-'71. Gomptes-rendns hebdomadaires des 
stances de I'acad^mie des sciences, tome Ixxii, No. 10. ' ^ "' * 8 
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Sur le ffoid da d^embre 1871. Comptes-reDdos hebdomnd-iires 
des nAaaces de I'acad^mie dea scieDccs, tome Ixxiii, Ko. 34. 

Sur lea froida de d^cembre 1871. Comptes-rendDs hebdomadairea 
des seances de I'acad^mie des sciences, tome Ixxiii, Ko. 25. 

Des retoara p^riodiques de certains ph^nomj^ues en mai, aout et do 
veiubre 18C8, f6vrier 1869. M^mpirea de I'acad^mie dea sciences de 
I'iustitut de France, tome xsxv. Ch. Suiute €laire Deville. 

Observations aur le £roid de 9 t]6cembre en divers points de la France. 
Camptea rendna hebdomadairea des s^iinces de I'acaddmie des sciences, 
tome Ixsiii, No. 25. 

Observations aur les relations qui existent eutre lea apparitions des 
anrorea bor^ales et les variations de temp^ratnre. Comptes-rendus heb- 
doinadaires des stances de racadtSmie des sciences, tome Ixxii, Ko. 13. 

Sur la pr^cocit^ du froid en 1871. Oomptes-rendua hebdomadaii'es 
des stances de I'acadSmie dea sciences, tome Ixxii, No. 24. 

Sur le froid de dScembre 1870, et sur la p^riode des grands liivera 
signal^e, par M. Genon. Comptea-rendas liebdomadaircs des stances 
de I'acadiimie des sciences, tome Ixxii, TSo. I. 

Sur les caract^rea de I'biver 1870-71, et aur la comparaison de la t«m- 
|n5rature moyenne & I'observatoire de Paris et i I'observatoire m4t^- 
rologique central de Hontsouria. Comptes-rendus liebdouiadaires dea 
stances de l'acad6mie des sciences, tome Ixxii, No. 13. 

Sur les froids du 18 mai et des premiers jours de juia. - Comptes-ren- 
• dua hebdomadairea des stances de I'acadiSmie des sciences, tome Ixxii, 
No. 23. 

Balan. — Observations m^t^orologiques faites par M. Doumet, jan.-juin 
18C9. Aunales de la society d'borticulture d'Allier, tome cinquiime. 

Cohmr. — Observations m<;t6orologiqnes faitcs ^ I'ficole normale de 
€olmar pendant I'ann^ ISCd. Retev6 dresa^ par M. Ambruster. Bulle- 
tin de la socj^t^ d'histoire naturelle de Colmar, 1S70. 

Paris. — Bulletin m^t^orologique de I'observatoire de Taris. Comptes- 
rendus hebdomadairea dea stances de I'acad^mie des sciences, tome Ixii, 
No. C. 

The same. Tome Ixxiii, Nos. 1, 6, 10, 14, 18, 19, 22. 

Annuaire de la soci^t^ m^t^rologique de France, 1868. 

J/oM(peZIier.— I/hiver de 1870-'71 dans le Jardin des plantea de Mont- 
pellier. Ch. Martina. Comptes-rendus hebdomadairea des stances de 
I'acad^mie des sciences, tome Ixxii, Ko. 18. 

MonUouris. — Bulletin de I'observatoire central de Montsourls. June 
to December, 1870, and 1871 complete. 

Nouvelles m^tSorologiques. Fubliees sous lea auspicea de la socidt^ 
nictSorologique de France et de I'observatoire m^t^orologique central 
de jMoutaoaria. Oct Nov, Dec. 1870. 

Le Mam. — Observations m^tforologiques, par D. Bonhomet. Bulletiu 
de la society d'agriculture, sciences et arts. 

Joiij-s.— Observations nK^tiSorol^-^nnAa faites par M.De Tastes. An- 
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nales de la soci^t^ d'agriculture, sciences, arts et belles-lettres da d6- 
partement d^Iudre-et-Loire. 

Obserrations m^t^orologiqnes des mois d'aofit et septembre. Annates 
de la Boci^t^ d'agricaltare, sciences, arts et. belles-lettres du d4i>artcmeQt 
flndre-et-ljoire. Cent-dixifeme ann^e, tome 1. 

AlMue. — Essais sur le climat de I'AIsace et des Yosges. Cbas. Grad. 
Bulletin de la Boci4t4 d'histolre natorelle de Golmar, 1870. 

Introdiictioii k I'^tade m^t^rologiqne de I'AIsace, par G. A. Him. 
BnlletiD de la soci^td d'histoire natorelle de Golmar, 1870. 

Lffona. — Gommisfiion m^t^rologiqne de Lyon, 1869. 20* ann^e. 

DovaL — Observations m^t^rologiqnes, par M. Ofiret. M^nioires de 
la 80ci£t6 imp^riale d'a^ricDltnre, de sciences et d'arta, s^aat A, Douai, 
deaiifeme s^rte, tome is, lSCG-'67. 

£tades de m^t^orologie. U4moires de la soci^t^ imp^riale d'agri- 
coltoie, de sciences et d'arts, s^ant il Douai, deuxi^me st^-rie, tome viii, 
1863-'65. 

£enon. — Sur Ics caracteres de I'biver 1S70, 1S71. Gomptes-rendus 
bebdomadaires des stances de I'acad^mie des sciences, tome Ixsii, No. 25. 

Salicit. — Sur dd pbSnom^e m^t^rologiqne observe & Houlgate (prfes 
Dives) le 7 sept. 1871. Gomptes-reodas hebdomadalres des stances de 
Facad^mie des sciences, tome Ixziii, Ko. 11. 



Besultate aus den meteorologischen Beobaclitangen angestellt an den 
fiinfondzwanzig koniglicb-sacbBiscben Stationen im Jabre 1868 und 1869. 
Bearbeitet Ton Dr. C. Brohns, Dresden. 

Meteorologische Beobachtnngen angestellt aaf der Leipziger Stem- 
warte im Jabre 1870. Zehnter Jabresbericht des Vereins von Freonden 
der Erdkunde zu Leipzig, 1870. C. Brabns. 

J>uriheim. — Meteorologiscbe Station zu Diirkbeim. xsviii. und xsix. 
Jabresbericht der Pollichia. 

BottocJi. — Meteorologiscbe Beobachtungen. Festscbrift fiir die 44. 
Versammliuig deutsclier Katnrforscfaer und Aerzte, Bostock, 1871. 

Meigten. — Zusammenstellung der Monats- und Jahresmittel ans den 
zn Meissen im Jabre 1871 angestellten taglicb dreimaligen meteorolo- 
gischen Beobacbtungen. 

Posen. — Das Klima von Fosen. Besultate der meteorologischen Beo- 
bachtungen anf der koniglicb-meteorologiscben station za Posen in den 
Jabren 1848 bis 1865. Dr. Albert Magener. Posen, 1868. 

TJeber die taglicbe und jabrlicbe Periode der relativen Feucbtigkeit 
in Wjen. Wittek. Aus dem Ixil. Bde. d. Sitzb. d. b. Abad. d. Wissen- 
Bch., ii. Abtb., OcL-Heft, Jabrg. 1870. 

Qiyrlitz. — Meteorologiscbe Beobacbtungen vom 1. Dec. 1866 bis 30. 
Sov. 1870, von E. Peck. Abbandlungen der natnrforschenden Gesell- 
Bcball zu Gorlitz, vierzebuter Band. 
Leipsig. — Meteorologiscbe Beobacbtungen angestellt auf der Leip^y^r 
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Sternwarte im Jabre 1870, von C. Brulius. Zehnter JaUresbericlit dea 
Vereine von Freunden der Erdkunde. 



Milan. — Osservazioui nieteorologiche. EffemeriSi astronomiche di 
MilaDO per Panno 1871. Publicate da) direttore del reale osservatono 
di Brera. 

MoSena. — Meteorografia dell' autonno 1869 in Modena del Ing. Ansi- 
balo Bicco. Annaario della societa dei uatiiralisti in Modena, anno v. 

Monealieri. — Bulletioo meteorologico dell' osservatono del real coUegio 
Carlo Alberto, vol. iii, 1867-63. 

Tbe same. 1869-70. 

i'aples. — Specola reale di Napoli a 140^' sul mare osservatione meteo- 
ricbe fatte dal astrouomo assistent^ T. Briosch. Rendiconti dell' acade- 
mia delle scienze fisicbe e matematicbe. 

Palermo. — Bulletino meteorologico del E. osservatono di Palermo. G. 
Cacciatore. 

Padova. — Met«orologia Italia, delle leggi del clima di Padova. Fran- 
cesco Zantedeschi. Commentari dell' ataoeo di Brescia per gli anni 1865, 
1866, 1867. 

Turin. — Bnlletino meteorologico ed astronomtco del regio osservatono 
dclli univeisita di Torino, 1860. 

Osservazioni meteorologicbe di Decembre 1871. Bendiconti roale isti- 
tttto Lombardo di scienze e lettere, vol. iv, p. 779. 

jl»k»«o.— Meteorologia ancouitana dal 1 Dec. 1S63 al 30 Kov. 1868. 
F. i>e Bosis. 

Sulla organizzioni del 8er\izio meteorologico nei porti di mare del 
regno d'ltalia. 

NETICEBLAA'DS. 

ITederlandsub met. Jaarboek voor 1869, utgegeven door bet koniuklijk 
nederlaodsck meteorologiscbe Institunt. [2 vols.] Utrecbt, 1870. 



M^moire sur les orages en Korvi^ge, par M. Mobn. Sl^moires do 
I'acad^mle des sciences de I'institut de France, tome xxxv. 

Observations des orages en Xorv^ge pendant t'ann^e 1869, par M. 
Mobn. M^moires de l'acad6mie des sciences de I'iustitut de France, 
tome Ixx. 

PORTUGAL. 

LUboii. — Acnaos do observatorio do Infante a Luiz, 1865, '60, '67, '68, 
'69, and '70. 

RUSSIA. 

Annales de Tobserv-atoire pbysique central de Kussie. PnbliiSes par 
H. Wild. Annies 18C7 et 1868. ^-^ , 
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Dorpat. — Meteorologische BeobachtaDgen angestellt in Dorpat im 
Jabre 1866-1S70. 

SL Petersburg. — Jabresbericht des pbysikalischen CeDtralobserrato- 
rinms fUr 1870. Von H. Wild. 

Itepertoriam fur Meteorologie. Herausgegeben von der kaiserlicben 
Absdemie der Wissenschaften. Bedigirt von Dr. H. Wild. Band ii, 
HeftL 

Motcow. — Observations lu^t^orologiqaes Caites k I'institnt des arpen- 
tenrs de Moscon par J. Weinberg, juillet 4 d^cembre 1870. Bulletin de 
U soci^t^ imp^riale des naturalistes de Moscoa, 1S71. 



Madrid. — Observacioues meteorologicas efectoadas eu el observatorio 
de Madrid, Dec. 18G7-Nov. 1868. Madrid, 1869. 

Besamen de las observaciones meteorologicas efectuadas on el penin- 
sula, Dec. 18CC. Madrid, 1809. Dec. 1867-Ifov. 1803. Madrid, 1870. 



TJfSoL — Bulletin mi^ttSorologique mensuel de I'observatoire de rnuiver- 
sit6 d'tJpsal, vol. i, 1-5 ; vol. ii, 1-fl, 7-12 ; vol. iii, 1-6. 

SWITZEBLAHD. 

Schweitzeriscbe nieteorologiscbe Beobaebtangeo. Dec, 1869} Jan., 
Feb^Ang., Sept, Dec., 1870; Jan., Feb., Marcb, June, Joly, 1871. 

Netidi&teL — B^mS dea observations m^t^orologiqaes &iteB & Nea- 
tbSAel dans le 1S» si^le, de I'ann^ 1760 4 1800. Btilletln de la Boci6t6 
des sciences natnrelles de Neuch&tel, tome ix, premier cahier. Cb. Kopp. 

NORTH AMEBICA. 



Toronto Moffnetic Observatory. — General Meteorological Begister for 
1870. 

Ueteorological tables for Toronto. ■ Canadian Journal of Science, lit- 
erature and History. 

Le naturaliste cansdien. 

NOVA SCOTIA. 

Hdlifaj:. — Dinmal and annual variations of temperature at Haliftx, 
^ova Scotia, ftvm bi-bourlj observations by T. Allison, M. A., doriog 
the three years 1867-'69. G. T. Kingston. Canadian Journal of Sci- 
ence, Literature and History, May, 1871. 

UNITED STATES. 

lower Catifomia. — "LaBaja California." Obserracionesmeteorolo^cas 
faecbas en el puerto de La Faz por Jos^ Fidel, Pujol socio corresponsal 
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de las Bociedades di geogmpbica y estadiatic a y bietorica natural. Jau- 
nary to December, 1870. 

District of Columbia, Waskiitgton. — AstrODomical and meteorological 
observations, United States Haval Observatory. 

Georgia, climatology. — Health and profit as foand in tbe billy pio^ 
region of Georgia and Sonth OaroUua. S. E. Habersbam, M. D. 

Maine, Ortwio.— Meteorological register lor 1870. M. C. Femald, 
Keport of the College of Agriculture and tbe Mechanic Arts, Orouo, 
Maine. 

South Carolina. — AikcD, by Amory Coffin, M. D., and W. H. Ged- 
dings, M. B. 

Seio York. — Keport of tbe director of the meteorological observatory. 
First annual report of the board of commissioners of the department 
of public parks. 

Pennsylvania, Fhilad^lphia. — Meteorological data. Journal of the 
Franklin Institute, vol. 62, p. 224. 

A general abstract of meteorological phenomena for 18C8. Journal 
of the Franklin Institute, February, 18C9. 

Comparison of meteorological phenomena of 18CS with those of 1867 
and tbe last 17 years. Journal of tbe Franklin Instltate, February, 
1869. 

Comparison of meteorological phenomena of December, 18C8, with 
those of December, 18C7, and of the same month for eighteen years. 
Joamal of the Franklin Institute, Febmary, 1869. 

New Hampshire, Mount Washington. — Meteorological observations. 
American Journal of Science and Art, vol. i, p. 149. 

WEST INDIES. 

IMnidad. — On weather. G. Webbe, Proceedings of the Scientific 
ABSOciation of Trinidad. 

SOUIU AMEBICA. 

Contributions to our knowledge of the meteorology of Cape Horn 
and the west coast of South America. London, 1871. 

Caracas. — Cuadros meteorologicos. Vargasia. Boletin de eiencias 
flsicas y natorales de Caracas, No. 1-3, 1868. A. Aveledo. 

Estrellas cadentes de Noviembre 1869. Vargasia. Boletin de la f(»- 
ciedad de eiencias fisicas y natorales de Caracas, No. 7. 

Observaciones meteorologicas en Caracas, ano de 1869. Vargasia. 
Boletin de eiencias fisicaa y naturales de Caracas, Ko. 5, 1868. No. 7. 

AUSTRALIA. 

New South Wales. — Abstract of meteorological observations made in 
New Sonth Wales during the years 1865-'66. 

Abstract of meteorological observations made in Kew South Wales 
up to the end of 1869, with remarks on the climate, by H. C. Bossell. 
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Be«Dlt8 of meteorological observations made in Kew Soatli Wales 
during 1S70, under the direct ion of H. C. Bnsaell. 

Meteorological obserrations made at the government observatory, 
Sydney, nnder the direction of George E. Smalley, 1867-'6a-'69-'70. 

Meteorological observations made at the government observatery, 
Sydney, for April, May, and Jane, 1871, by H. C. Kussell. 

NEW 2EAI.a:sd. 

Meteorological rejwrt for 1870, including returns for 1869 and ab- 
stracts for previous years, by James Hector. 



Ittdia, Calcutta. — Abstract of the results of the hourly meteorological 
observations taken at the surveyor general's ofQce, Calcutta, Proeeed- 
ingB of the Asiatic Society of Bengal. 

Meteorological observations, July and August, 1871. rrocecdiiigs of 
the Asiatic Society of Bengal, No. is, September, 1871. 

Keport on the meteorology of the Punjab for the year 1870, by A. Neil, 
lahore. 1871. * 



Sue:. — Becherches snr le climat de I'isthme de Suez, par M. Kayet. 
M6moires de I'acadi^niie des sciences de I'institut do France, tome xxxv. 

MAGSETISM. 

Contribations to terrestrial magnetism, No. xii. The magnetic survey 
of the British Islands reduced to the epoch 1842- '15, by General Sir Ed- 
vard Sabine. Philosophical transactions of the Itoyal Society of Lou- 
don for the year 1870, vol. 160, part ii. 

Magnetic observations made during a voyage to the north of Europe, 
aod the coasts of the Arctic Sea, in the summer of 1870. By Captain 
Ivan Belavenetz. Proceedings of the Boyal Society, vol. xix, No. 127. 

\ote snr la variation dinme lunaire et snr la variatioo s^culaire de 
la dtelinaison magn^tique. M. Bro^vn. Comptes-rendas hebdomndaires 
des Bonces de I'acadiSmie des sciences, tome Ixxiii, No. 2. 

Observations des d^clinaisons de I'aignille aimant^e faites ii I'obsorva- 
toire de la marine il Toulon depuia I'annjie 1866 & 7h. 30m, du matin, 
Comptes-rendus hebdomadaires des stances de I'acad^mie des sciences, 
tome Ixxiii, No. 15. 

Observations magntitiQues de 1870. D. Mitllcr. Comptes-rendns 
hebdomadaires des sauces de I'acad^mie des sciences, tome Ixxiii, 
No. 9. 

Results of seven years' observations of the dip and horizontal force 
»t Stooyhnrst College (Ibservatory, from April, 1863, to March, 1870. 
Proceedings of the Boyal Society, vol. xix. i ^^i^ OooqIc 
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Ma^etical obserratioQS made at Stooyharst College observatory from 
April, 1863, to March, 1870, by Eev. 8. J. Perry. 

Halleifs Magnetic Chart. — (Photographic copy of the orlgiual in the 
library of the Britiah Moseum.) 

Obsen'ations od the Tariation of the magnetic declination in con- 
nection with the aurora of October 14, 1870. Al&ed M. Mayer. Ameri- 
, c;iu Journal of Science and Art, vol. i, p. 77. 

' Kote sur la variation diume lUnaire et eur la variation s^culaire de la 
\ d^linaisou magn^tiquc. Brown. Comptes-rendas hebdomadaires des 
ct^ancea de I'acad^mie dea sciences, tome Lxiii, Ko. 2. 

^ote sur les indications de I'aiguille aimaut^e ^ I'approche d'une 
temp£te. Fortin. Comptes-reitdus bebdomadaires des stances de l'aca>d^ 
inie des sciences, tome Ixxiii, 'So. Z. 

liecords of the magnetic observations made at the Kew Obaervatory, 
S'o. IV. Analysis of the principal disturbances shown by the horizon- 
tal and vertical force magnetometers of the Kew Observatory, from 1859 
to 1861, by General Sir Edward Sabine. 

Osservazioui della decUnazionl magnetica. A, de Gasparis. * Kendi- 
couti dell' academia della scienze fisicbe e matematicbe, June, 1869. 

MAGNETIC AND METEOEOLOGICAL OBSEETATIOSS. 

Results of the magnetical and meteorological observations made at 
tbe Boyal Observatory, Greenwich, England, 1869. 

Stonyhnrst College observatory. Besalts of meteorological and mag- . 
netical observations, 1870. 

Observations made at tbe magnetical and meteorological observatory 
at Trinity College, Dublin, vol. ii, 1844-'50. Dublin, 1869. Humphrey 
Lloyd. 

Observaciones magneticas y meteorologioas hecbas per los alumuos 
del colegio de Belen. Habana, 1871. 

Magnetische nnd meteorologische Beobachtungne anf der k. k. 
Stemwarte zu Prag im Jalire 1870. 

Beobachtnngea an der k. k. Ceutralanstalt fiir Meteorologie und 
Ecdmagnelismns, July, December, 1870. 

Jahrbticher der k. k. Ceutralanstalt fdr Meteorologie nnd Erdmagoe- 
tismns. Keue Folge, v. Band, Jabrgang 1868. Carl Jelinek und Carl 
I'ritsch. VI. Band, Jahrgang 1869. 

METEORS. 

Le stelle cadeuti, del periode di Koviembre 1863 ed Agosta 1869, osaex- 
Tate in Piemont« ed in altre contrade d'ltalia. P. Francesco Denza. 

Norme per le osservazioui delli meteore luminose. 

Obaer\-ations of luminous meteors, Royal Observatory, Oreeuwicfa, 
1871. 

Osservazioui delle meteore Inminose nel 1871-'72. 

Sopra gli aeroliti, caduti il giorno 29 Feb. 1808, nel traTitinio di 
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yilUaova e motta dei conti. Memoria dei professori Agostino, Goiran, 
Antoaio, Bertolio, Artiiro, Zannetto, Luigi, Masso. 

Aerolito en la hacienda de la Conceptiou muDicipalidad de AUende, 
estado de Chihaahua. Boletiu dela sociedad de geografla y estadistica 
de la Kepablicana Mexicaoa, segiiudii epoca, tomo iii, N08.8, 9, 10. 

CompositioD of tlie meteoric stone that fell Dear SearsmoDt, Maine, 
May 31, 1871, by J. L. Smitlt Americau Journal of Science and Art, 
1871, p. 200. 

Der Ainsa-Tacson ^leteoreiseuring in Wasbingtoa and die Botation 
Act Meteoriten in ihrem Zuge. SltzuDgsberichte der kaiserlicbeu Aka- 
demie der Wisseoschaften, April 1870. V. Haidinger. 

Der Meteorlt iu Kiiibeuberg. G. Keutuayer xxviii. uud sxix. Jahrcs- 
bericbt der Pollichia. 

Der Meteorit vod Lodran. Sitzungsberichte der kaiserlicbeu Aka<le- 
mie der Wissenschaften, April 1870. 

Die Ueteorite. Aua der Natur, neae Folge, 46. Band. 

Mode da rupture de I'astre d'ofi d^rivent Ics m^t^orites. St. Meunier. 
Comptes-rendas bebdomadaii'es dee 8&uices de I'acad^^uiie des sciences, 
tome bmi, Ko. 5. 

Naobricbten liber deu MeteoriteDCtU bei Murzuk in December 18G9. 
SitzaDgsberichte der kaiserlicben Akademie der WiHaeuschaften, Juui 
1870. 

Situation astronomiqne dn globe d'oil d^rivent lea m^t^orites. St 
Hennier. Comptes-rendus bebdomadaires des seances de Pacad^mie dea 
acieoces, tome Ixxii, So. 3. 

Stmotore du globe d'oii proviennent les m^t^orites. St. Mennier. 
Comptes-reudus bebdomadairea des stances de I'acad^mie des sciences, 
tome Ixxii, ^o. 4. 

SoroD bolide obsen'^^Tonrale 17 mars 1871. C<»npte8-rendas beb- 
domadaires des stances de I'acad^mie des sciences, tome Ixxii, No. 24. 
A. Baf&nlt. 

Ctoiles fllantes du mois d'ao&t. Gomptes-rendas bebdomadaires des 
stances do I'acad^mie des sciences, tome Ixxiii, No. 8. 

Le bolide dn 15 jnillet. Comptes-rendus bebdomadaires des stances 
de I'acad^mie des sciences, tome Ixxiii, Ko. 3. 

M£moire sur la direction des ctoiles fllantes. Comptes-rendus beb- 
domadaires des stances de I'acad^mie des sciences, tome Ixxiii, No. 2. 

ObserratioD d'un bolide faite, ^ I'observatoire de Marseilles le l^'aofit. 
Coggia. Gomptes-rendus bebdomadaires des stances de l'acadi§mie des 
sciences, tome Ixxiii, No. 6. 

Observation relative & la denomination de bolide donn^ au uM^t^re 
recemment observe par M. Coggia. £lie De Beaument Comptes-ren- 
dds bebdomadaires des stances de I'acad^mie des sciences, tome Ixxiii, 
So. 7. 

Bolides observes en Italic pendant le mois de juillet Denza. Comp- 
tes-rendns hetidomadaires des stances de I'acaddmie des science^ tome 
Ixxiii, No. 6. ' '^^^^^^S^^ 
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Sur les bolides da 11 aofit 1871 et du 24 juin 1870. P. Gnjot 
Comptes-reDdus liebdomadaires des sdauces de racadSmie dee sciences, 
tome Ixxiii, ^o 8. 

On a meteor seen at Alexandria, Egypt. American Journal of Science 
and Art, vol. il, p. 474. Eeverl,\ KennoD. 

Bolide observe le 4 aollt 1871 il Tr^mont, prfe Tournue. Lemosy. 
Comptesrendus hebdomadaires des stances de Tacad^mie de» sciences, 
tome Ixxiii, N'o. 6. 

Observiltion du bolide du 17 mars, faite 4 Nerac. Leapianlt. Comptes- 
rendus hebdomadaires des stances de I'aead^mie des Bciences, tome 
Ixxii, No. 13. 

Diverses series d'obseprations d'tStoiles filantes. Le Verriej. Comptes- 
rendus hebdomadaires des stances do I'acad^mie des sciences, tome 
Ixxiii, J^o. 11. 

Observations de I'essaim d'6toiles filantes du mols d'aolit, faites pen- 
dant les nuits des 9, 10 et 11 aofit 1871, dans un grand nombre de 
stations correspondantes. Oomptes-rendns hebdomadaires des stances 
de racadfSmie des Bciences, tome Ixxlli, No. 7. 

Observation de I'essaim d'^toiles filantes de novembre dans les sta- 
tions de I'association scientiflgue de France. Comptesrendus hebdo- 
madaires des stances de I'acad^mie des sciences, tome Ixiii, No. 15. 

Observation du bolide du 17 mars, faite & Castillon sur Dordogne. 
Paqaenei. Comptes-rendns hebdomadaires des stances de I'acaddmie 
des sciences, tome Ixxii, No. 13. 

Observation du bolide du 17 mars, faite & Trenois. Vanquelin. 
Comptesrendus hebdomadaires des stances de I'acad^mie des sciences, 
tome Ixxii, No. 13. 

Bapport sur les effets du m^t^re du 26 Janvier 184C. Bulletin de la 
soci^t^ d'fimulation.dtt d^partement de t'Atlier, tome 1". 

Bemarkable meteor, by R. H. Tburstoo. American Journal of Science 
and Art, vol. ii, p. 63. 

Shooting- stars of August 10 and 11. American Journal of Science 
and Art, vol. ii, p. 227. 

Sur un bolide observ6 au Semaphore du cap Sici^ le 14 juin 1871. 
Sagols. Comptesrendus hebdomadaires des stances de I'acad^mie des 
sciences, tome Ixxii, No. 24. 

3ur un m4t4ore remarquable observe dans la nuit du 19 oet. 1871. 
M. Chapelas. Comptes-rendus hebdomadaires des stances de riicadii- 
mie des sciences, tome Ixxiii, No. 15. 

Meteor seen at 'Wilnungton, North Carolina. American Journal of 
Science and Art, vol. ii, p. 227. 

Meteors of Noven;iber 13 and 14, 1870. American Journal of Science 
and Art, vol. i, p. 30. , ■ 

November meteors in 1871, by H. A; Newton. American Journal of 
Science and Art, vol. ii, p. 470. 

Estrellas cadentesdeNoviembrelSGO. A.Aveledo. Vargasia. Bole- 
tin de la sociedad de ciencias fi' '-rales de Caracas, No. 7. 
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iletcorogi-afia dell autoDuo 1&C9 in Modeno. Aunibale Eicco. An- 
noario della society del aaturiilisti in Modena, anno V. 

Observatioa du bolide dti 17 mars, faite it Castillon siir Dordogue. 
Paquen^e. Coinptea-rendus liebdomadaires des st^aaces de racad<^-inie 
ties si-ioncos, tome Ixxii, No. 13. 

OCEAN CUEEESTS AKD TIDES. 

Current!! of air and ocean. B. H. Babbage. Auuual rfi>ort and 
transactions of tbe Adelaide Philosophical Society for the year ending 
September 30, 1871. 

Etudes snr Porigine dea conrants d'air prineipaux, par Ikl. Lartique. 
Comptes-rendua hebdomadaires dea stances de I'acad^niie des sciences, 
tomelsiii, No.- 2. 

Ocean-cnrrents, by J. Croll. American Journal of Science and Art, 
Tol. ii, p. 140. 

Sketch of a new theory of oceanic tides, based npon esamiuatioo of 
the canses assigned to exceptional tidal waves. J. W. Bilby. Trans- 
actions and proceedings of the Boyal Society of Victoria, vol. 9. 

Sur I'extension dii Gulf-stream dans le nord et anr la temp4^rature des 
mers, par Ch. Grad. Comptes-rendas hebdomadaires des stances de 
I'acad^mie des sciences, tome Ixsiii, Ko. 2. 



Esperienze ozonometriche fatte nel laboratorio chemico dell' univer- 
sila di Pisa sotto la direzione del Prof. S. De Lucas. 

Xote relative & la nature de Tozone. M. Pigeon. Gomptesreadaa 
liebdomadaires des stances del'acad^mie des sciences, tome Ixxiii, Ko. 3. 

PRESSUHE OF THE ATMOSPHEEK ' 

Barometrical measurements in Ecuador by W. Iteiss and A. Stubel. 
American Journal of Science and Art, 1871, p. 267. 

Snl movimento straordinario del barometrografo della B. specola di 
Napoli. A. deGasparis. Eendicontidell'academiadellescienzeflsichee 
matematicbe. August, J8C7. 

Becherches exp^rimcntales sur I'infliieDce que les changemeuts dans 
la pression barom^trique exerceut sur les philnom^nes de la vie. P. 
Bert. Comptes-rendus hebdomadaires des stances de I'acad^mio des 
sciences, tome Ixxiii, No. 3 and No. 8. 

Note sur les relatious simples entre la pression de la vapenr aquense 
et la temi>^nLtore. Duperi-ay. Oomptes-reudus hebdomadaires des 
NJances de l'aead6raie des sciences, tome Ixxii, No. 23. 



Cyclical rain-falls at Lisbou. Proceedings of the American Philo- 
Bophical Society, vol. xii. July-Dec., 1871. ,^ , 

D,3„z.dbyGOOgle 
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MoDtbly rain-fall at Sao FraQcisco. Jonrnal of the Fraaklin losti- 
tnt«, March, 1872. P. E. Cbaae. 

Summary of rain and melted snow for the wiDt«r 1870-'71. Canada. 

Some observations on the rain-fall at Adelaide, Aastralia. ADnnal 
report and transactioDB of the Adelaide Philosophical Society for the 
year ending September 30, 1871. 

Fall of rain at Hilo, Hawaii. American Jonrnal of Science and Art, 
vol. i, p. 232. 

Sur le regime plnvial de I'Allemagae septentrionale et de la Itnssie 
d'Europe. Comptes-rendus bebdomaduires des eiiances de Tacad^mie 
des sciences, tome Ixxii, No. '2i. 

Observations plnviom6triqne8 dans le Loiret en 1867 et 18G8. M4- 
moires de I'acad^mie des sciences de I'institat de France, t«me xxsv. 

Sur le regime pluvial do ]'Alg6rie, d'aprfes les observations de I'ad- 
ministration des ponts et ehauss&is. V. Banlin. M^moires de I'aca- 
d4mie des sciences de I'institut de France, tome zxzv. 

Stir le regime plnvial de I'Asie septentrionale et orientale. T. Banlin. 
- Comptes-rendus bebdomadaires des stances de I'acadiSmie des sciences, 
tome Ixsiii, No. i. 

Artificial production of rain. American Journal of Science and Art, 
vol. ii, p. 313. 

Itf€moii-e sur les pluies, par M. Becquerel. M4moire3 de I'academie 
des sciences de I'institut imperial do France, tome zxxt. 

M^moire snr les qiiantit^s d'eau tomb^es pr^ et loin dea hois, par M 
Becquerel. M4moires de I'acad^mie des sciences de I'institut imperial 
de France, tome zxxv. 

On rainfalls, by Pliny E. Chase. Americaa Journal of Science and 
Art., vol. ii, p. 69. 

Sur lea pluies de pousaifere et les pluies de sang, par M. Tarry, 
jV16moires de l'acad4mie des sciences de I'institut de France, tome Ixi. 



Observations relatives aux chutes de neige k Montr^, (Canada,) et & 
Stykisholm, (Islande.) Bochan. M^moires de PacadSmie des sciences 
de I'iDstitut de France, tome xxxv. 

Sur les circoustances m^t^orologiqaes qui ont accompagnS la chute de 
neige du IC mare 1870. Comptes-rendus bebdomadaires des stances 
de I'acadfimie dea sciences, tome Ixxii, No. 12. 

Chnte de neige extraordinaire tk Collim^, (Pyr^n^es orientalea.) 
Naudin. ^l^moirea de I'acad^mie des sciences de I'lnstitnt de France, 
tome Ixx. 

Influence of snow-covering on climate. A. Wojeikof. American Jour- 
nal of Science and Art, vol. ii, p. 61. 

Do I'iufluence de la neige sur la temperature da sol tk diverses pn>- 
foudeurs, selou qu'il est gaeonn^ ou d4nud& Becquerel. Comptes-rendas 
bebdomadaires des stances de Tncad^mie des sciences,, tome iT yjii, 
No- 25. ,_.ii,C!iOO^^Io 
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80LAB HEAT. 

ActiDometrie&I observatioas made at Dehra and Masaoorie, io India, 
Octoba and Xorember, 1SG9. Proceedings oftheBoyal Society, to), six, 
No. 125. 

Temperatore of sol^ radiation as measared by the black-bulb ther- 
mometer, by Mr. £!llery. Transactions and proceedings of tbe Royal 
Society ofVictoria, vol. ix, Melboame, 1869. 

Tbe daily motion of a brick tower caused by solar beat C. O. Kock- 
wood. American Journal of Science and Art, 1871, p. 177. 

STORMS AND TORNADOES. 

Snr on orage qai a ^clat^ le 29 mai, aus environs d'Alais, Franco, 
par M. Boirgoyne. M^moires de I'acad^mie' des sciences de I'institut 
de France, tome Ixz. 

!Note sur des ph^nom^nes singaliers observes en Scosse pendant los 
p^odes oragenses da 18 jnin et dn 5 juillet 1871. Comptes-rendus 
bebdomadaires des stances de I'acad^mie des sciencea, tomelxxiii, No. 2. 

Stormenes Love. Christiania, 1868. 

Det Dorske meteorologiscLe Instituts Storm-Atlas. Af H. Hohn. 
Christiania, 1870. 

Norsk meteorologiseh aarbog for 1869, Christiania, 1870. 

M^moire sor tes orages en Norv^ge. Mohn. M^moires de I'acadc- 
mie des sciences de I'institut de France, tome xxxv. 

Observations des orages en Norv^ge pendant Pannde 1869. M^moires 
de l'acad4mie des sciences de Tinstitnt dc France, tome Ixx. 

Ueber die jahrliche Vertheilang der Gevittertage, nach den Beobach- 
tangen an den meteorologischen Stationen Oesterreichs and Ungarnn. 
Bitzangsberichte der kaiserlicfaeu Akademie der Wissenschaften, May 
1870. 

Tcmadoes, by H. S. Whitfield. American Journal of Science and Art, 
vol. ii, p. 96. 

Note sur des pb^nomfeoes singuliers observe en £cosse pendant Ics 
p^riodes oragenses da 18 juiu et du 6 juillet 1871. M. W. deFouvielle. 
Oomptes-rendns bebdomadaires des stances de l'acad4mie des scieDcee> 
tone Iziii, No. 2. 

Qoide des onragans. F. R. Rous. Revae maritime et coloniale, tome 
xxxi, Dov. 1871. 

La bourrasque du 11 juillet 1871. Cbapelas. Comptes-rendus heb- 
domadaires des B^ances de I'acadtimie des sciences, tome Ixxlii, No. 3. 

TELEGEAFEIC WEATHEB-BEPOBTS. 

Systems of weather-telegraphy, by G. Abbe. American Journal of 
Science, vol. ii, p. 81. 

Signal-service weather-reports, by Pliny E. Chase. Jbarnal of the 
Franklin Institute, vol. 62, p. 278. .- . 

DigitzedbyGOOgle 
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TEMPEEATDHE. 

Mi^juoire 8iir la distribution de la clialeur et de ses variatioDS depaia 
)c sol jnequ*iV trente-six metres aii-dessous. M6moires de l'acad4tnie 
des sciences de I'iustitut imi)4riiil de France, tome xszv. 

jtl^moiro Bur la distributioD de la clialeur aa-dessons du sol. M^moirea 
dc Tacad^mie des sciencee de rinstitut imperial de France, tome zzxv. 

M^moire sur la tempf^ratnre des sols converts de bos v^g^taux oa 
di^uud^s. Comptes-reudus bebdomadairea des a^ncea de I'acad^mie 
des sciences, tome Ixxiii, No. 20. 

Sur lea caract^rea de I'biver 1S70-'71, et sor la comparaison de la tem- 
perature moyenne & I'observatoire de Paria et k I'observatoire m4t6oTO- 
logique central de Montsouris. Cli. Salnte Claire Deville. Comptea-ren- 
dus bebdomadaires dea stances de I'acad^mie dea acieuces, tome Ixxii, 
No. 13. 

Sor le froid de la nuit du 17 au IS tnai. Comptes-rendua bebdoma- 
daires des s^aucea de I'acad^mie des sciences, tome Ixsii, So. 25. 

' Qnelqnea nonveaux documents sur le froid aoormal obsenr^ dana la 
nuit du 17 aa IS mai. De Biseau. Gomptea-rendna bebdomadaires des 
a^aaces de I'acad6mie des sciences, tome Ixxiii, No. 6. 

Sor le froid dea premiers jours de jnin 1871. H. Bardy. Comptes- 
rendua bebdomadaires des si^ances de I'acad^niie des aciencea, tome 
Ixxii, No. 25. 

Sur lea precautions ii prendre ])our la determination de la temperature 
d'uD lien. Comptes-rendus bebdomadaires des seances de I'academie 
des sciences, tome Ixsii, No. 12. 

Memoire snr la temperature aoua bois et bors des bois. Memoires de 
I'academie des sciences de I'institut itn[>erial de France, tome xxxv. 

Sur les temperatures obserrecs H Montaonris peodatit le mois de 
fevrier 1S71. Comptes-rendus bebdomadaires des seances de I'academie 
des sciences, tome Ixxii, No. 10. 

Water unfrozen at 18o. liouissiuganlt. American Journal of Sci- 
ence and Art, vol. ii, p. 301. 

On tbe temperature of the interior of the earth, as indicated by obser- 
vations'made during tbe construction of the great tunnel through the 
Alps. D. T. Ansted. Proceedings of the Eoyal Society, vol. xix, No. 129. 

Die Temperatur-Verhaltnisse und die mit der Hohe zuuehmende Tem- 
peratur in der Schicbt des X^uftmceres, vclche die ErdoberQiicbe 
uumittelbar beruhrt-. Von Prof. Dr. Prestel. 

Die Warmcabnahme mit der Hube an der Erdoberfliicbe and ibre jahr- 
liche Periode, von Dr. J, Haun. 

Observations to accompany and elucidate tbe diagram of mean tem- 
perature for ten years at the Albion mines. Nova Scotia. Henry Poole. 

Diurnal and annual variations of temperature at Halifax, Nova Scotia, 
from bi-hourly obaer^-ations by F. Allison, M. A., during tbe three years - 
1867-'69. G: T. Kingston. Canadian Journal of Science, Literatoie 
and History, May, 1S71. ^^^ GooqIc 
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Ueber den jahrlichen Gang der Temperatnr za Elageofdrt, Triest und 
ArraTaralza. C. Jelin^. Aoa dem Ixii. Bde. d. Sitz. d. k. Akademie d. 
Wissensch., iL Abth., JaniQeft, Jahrg. 1870. 

On an approzimatelf deceDoial Tariation of the temperatore at the ob- 
aervatoiy at the Cape of Qood Hope between the yearB ISU and 1870, 
viewed in connection with the variation of the solar spots. £. J. Stone. 
Proceedings of the Boyal Society, vol. six. 

Sot 1^ froids de mai et join 1871, et sor les froids tardifs. Comptes- 
rcDdns hebdomadaires des stances de racadSinie des sciences, tome Ixxii, 
No. 24. 

Temperatore at great depths. Journal of the Franklin lastitnte, vol. 
Ixii, p. 37L 

Snr le froid du d^mbre. Edw. Delaanay. Comptes-rendns heb- 
domadaires des stances de I'acad^mie des sciences, tome Izxiii, Ho. 25. 

Sot le froid da 9 d^cembre 1871. Delaanay. Sor la pr^cocitd da 
froid ea 1871. Ch. Stunte Claire Deville. Comptes-rendas hebdoma- 
daires des stances de I'acadSmie des sciences, tome Izziii, No. 21. 

Sor les froids de d^cembre 1871. M. Delaonay. Comptea-reudus 
hebdomadairea des spaces de Tacad^mie des sciences, tome Ixxill, No. 
25. 

Sar le froid de d^mbre 1870 et eur la p^riode des grands hiveni si- 
gnalte par M. Benon. Ch. Sainte Claire Deville. Comptes-rendos heb- 
domadairea des Bonces de I'acad^mie des sciences, tome Ixzii, Ko. 1. 

' VOLCANOES. 

Emption of the volcano of Colima, Mexico, by C. Sartorins. American 
Jonmal of Science and Art, vol. ii, p. 381. 

Vcdcano of Kilanea. American Journal of Science and Art, voL IL 
pp. 76, 464. 

WIKD8. 

On the general circnlation and distribation of the atmosphere. J. D. 
Everett [Beprint from the Philosophical Magazine for September, 1871.] 

Untersachongentlberdie Winde der nordlichen Hemisphere and ihre 
klimatologiache Bedeatang. J. Hann. Zweiter Theil Der Sommer. 
Sitib. der b. Akad. d. Wissensch., Ixiv. Band, ii. Abth., Oct-Heft, 
Jab^. 1871. 

Die Warmeabnahme mit der Hiibe an der ErdoberMche und ihre 
jiihrlictae Feriode. J. Hann. 

£tadeB8nrl'originedescoarantsd'airprincipanz. Lartiqne. Oomptes- 
rendoB hebdomadairea des B&tnces de I'acad^mie des sciences, tome 
lxiil,So.2. 

force and direction of wind. F. E. Loomis. American Jonmal of 
Scieoce and Art, vol. ii, p. 231. 

Bar le« monvementa g^n^ranz de I'atmosph^re. Peslin. M^moires 
de I'acad^mie des sciences de I'institat de France, tome Ixiz. 

'»T1 ...dbvCoo^lc 
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Atlas des moaTements g^D^raox de ratmo^h^re.- B^djg^ par I'obser- 
vatoire imperial de Paris, sor les docnments foarnia par les obseira- 
toires et lea nuuiDes de la Fraoce et de l^traoger. Pnbli^ aoos les 
anspicee dn mmistre de rinstraction pabliqne et arec 1e conconis de 
rassociatioQ ecientifiqDe de France. Aon^ 1865, jnillet, aoftt, sep- 
tembre, octobre, noTembre, d^cembre. 

ZODUCAI. UGBT. 

ObservatioD de la lumi^re zodlacale le 20 furrier 1871. FlammarioDf 
Gomptes-rendos liebdomadaires des e&uices de raead^mie des sdeoces, 
tome Ixzii, 2fo. 9. 

Sot la lamiiro zodiacale observ^e ik Angers le 19 fSvrier 1871, by A. 
Cbeax. Comptes-rendos bebdomadaires des Bonces de I'acad^mie des 
sciences, tome Ixxii, Ko. 21. 
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REPORT OF THE EXECUTIVE COMMITTEE. 



Tlie Execative Committee of the Board of Begeots respectfully aabmit 
tbe following report in relatioD to the funds of the Institution, the 
receipts and expenditures for the year 18TI, and the estimates for the 
year 1872: 

Statement of the fund at the beginning of the year 1872. 

The amount originally received as the bequest of James 
Smitbson, of England, deposited in the Treasury of the 
United States, in accordance with the act of Congress 
of August 10, 1846 $515, 169 00 

The residuary legacy of Smi thson, received in 1865, deposited 
in tbe Treasury of the United States, in accordance with 
the act of Congress of February 8, 1867 26, 210 63 

Total bequest of Smithsoo ' &11,379 63 

Amonnt deposited in the Treasury of the United States, 
as authorized by act of Congress of February 8, 1867, 
derived fi-om savings of income and increase in value of 
investments 108, 620 37 

Total permanent Smitbson fund in tbe Treasury of the 
United States, bearing interest at 6 per cent., payable 
semi-annually in gold $650, 000 00 

Id addition to the above, there remains of the extra fund 
derived from savings, &c., in Virginia bonds, at par value 
•88,125.20, now valoed at 35,500 00 

The cash balance in First National Bank, 
January, 1872 $16, 315 02 

Amount of congressional appropriation for 
the fiscal year ending June 30, 1872, (10,000, 
one-balf of which available January, 1872 . . 5, 000 OO 

21,315 02 

Total of Smitbson funds January, 1872 $706, 815 02 



The interest due on the Virginia bonds, Instead of being paid, has 
been funded by tbe Stat«, and has thus increased the amonnt of the 
bonds from 972,760, as stated in the last report, to $88,125.18, as given 
in the foregoing statement. The market value of this stock, ' 



100 REPORT OF THE EXECUTIVE COMMITTEE. 

gireD last year at (18,000, has fallcD, during 1871, to $35,500, oa account 
of tbe uncertain policy of the State. 

The balance at the beginniog of the year 1S72, viz, t21,315.02, is 
very nearly the same as that at the begiNoing of tbe year 1871, which 
was (21,477.81. This balance is not invested as a part of the perma- 
nent fund, because it is required in order to pay cash for billB as they 
become due, and previous to receiving the semi-annual income. 

Statement of receiptt from the Smithson fvnd for 1871. 

Interest on $650,000, at 6 per cent, in gold $39, 000 00 

Premium od gold, Jane and December, 12g and 8g 4, 192 50 

Total receipts 43, 192 50 



Statement of expenditvret from Hie SmiOison fund for 1871. 

BUiLDma. 

BecoDstrnction of parts destroyed by fire, and 

repairs $8,827 12 

Furniture and fixtures 206 29 

$9,032 41 

OBNBEAL EXPENSES. 

Meetings of the board $127 12 

Lighting the building 267 IS 

Heating the bnilding 79 69 

Postage 448 76 

Stationery 452 65 

Incidentals 354 75 

Salaries and clerk hire 9, 572 62 

11, 3M 64 

PUBLICATIONS AND BESEABCHE8. 

Bmithsooian Contributions, quarto .^... $9,753 68 

Miscellaneous collections, octavo 608 12 

Beports, octavo 739 48 

Meteorology, computations, rain-gauges, &c . . . 2, 000 55 

Apparatus for researches 744 03 

Explorations, natural history, and archseology . 1, 301 07 

Lectures 235 00 

15,431 93 

MUSEUU, LIBBART, AITS EXCOANGBS. 

Musenm, in addition to the snm draim fh>m tbe 
appropriation by Congress, ($4,976) $8, 132 95 
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Literary and aoiootific exchanges throagh agen- 
cies ia LondoD, Paris, Leipsic, Amsterdam, 
Miian,&c H20t 50 

Porcliase of books fuid periodicals 253 86 

$12,688 31 

Total expenditnrea, (repayments liaving been de- 
ducted) $48,355 29 

From the above statement, it appears that the expeoditares were 
15,162.70 in excess of the receipts ; bat to meet this deficiency, $5,000 
of the congressional appropriation for the museam, as was stated before, 
is still in the Treasnry of the United States. Had this som been drawn 
dniiDg the year, it would have been deducted from the $8,132.95 charged 
to the mnsenm. 

During the past year the Inatitation baa advanced money for the pay- 
ment of freight on specimens and articles directed to its care, and for 
fitting ont tlie expedition teward the north pole. It has also sold pab- 
hcatioos, old and useless material, and meteorological instromente, the 
payments for which have been dedacted from the several items of the 
previooB accoants of expenditures, as follows: 

From the mnseom, for repayments for freight $592 92 

From exchanges, for repayments on expense of literary and 

scientific exchanges 945 17 

FromexplorationSjforrepayments on accduntof Hall's expedi- 
tion toward the north pole, &c 532 27 

From Smithsonian contributions and miscellaneons collec- 
tions, for sales of publications 525 70 

Building and incidentals general, repayments for old mate- 
rial, postage refunded, &c 622 59 

Apparatos— ^sole of metetHulogical apparatus 40 00 

Total repayments and miscellaneous credits 3, 248 65 

AppropriatUms and expenditures from Congreas on account of the muieum 
and eare of the Qovemmmt oolleatiima. 

, In addition to the receipts from the Smithson fbnd, the following 

amomits have been received : 

From appropriation by Congress for fitting up halls for 

collections $20, 000 00 

From appropriation by Congress for annual care of collec- 
tions, being part of the $10,000 appropriated for the fiscal 
year ending June 30, 1871, ($5,024 having been drawn 
in the year 1870) 4, 976 00 
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The appropriation of (20,000 was expended, under the direotioD of 
the Secretary of the Interior, and accounted for to tiiat Deputment, in 
ceiling, flooring, plastering, and piunting the large hall in the apper. 
stoiy of the mfun bnilding, repairing the roof, fiie-proofing the Test 
ving, and fitting ap the basement of the same for the preparation of 
specimens and storage. 

The appropriation of (4,976 was expended for salaries, taxidermy, 
labor, &&, in preserving the GoTeromeat coUectious, and was accounted 
for to the Interior Department. 

The estimates for the year 1872 are as follows : 

BBOEIPTS. 

From interest on the permanent fiind '$39,000 00 

Probable premium on gold, 10 per cent 3, 900 00 

43, 900 00 

APPBOPBIATIonS. 

For building $5, ODD 00 

For general expenses . . .'. 10, 000 00 

For publications and researches 20, 000 00 

For exchanges 5, 000 00 

For books and apparatus 900 00 

For museum, additional to Congress appropriation 2, 000 00 

42,900 00 



The Executire Gommitt«e have examined seven hundred tmd fifty- 
seven receipted vonchers for payments made daring the four quarters 
of the year 1871, botb &om the Smithson fund and the apptopiiations 
ftom Congress. In every voucher the approval of the Secretary of the 
Institution is given, and the certificate of an authorized agent of the 
Institution is appended, setting forth that the materials and property 
and services rendered were for the Institution, and to be applied to tiie 
purposes stated. 

The quarterly accounts-current, bank-book, check-book, and ledger 
have also been examined and found correct, showing a balance in bank 
December 31, 1871, of (16,316.02. 

Kespectfally enbmitt«d. 

PETER PARKER, 
JOHN JIACLEAN, 
Executire Committee.* 

Maech 13, 1872. 

' Mi^or Oeneral W. T. Shermao, member of oommittoe, alneat, in Europe. 
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Washinoton, B. 0., Jantmry 26, 1872. 
* A meeting of the Board of Begeots of the Smithaonian iWtitntioti 
wu held this day in the Begents' room, at 7 o'clock p. m. Present: 
Bod. H. Hamlin, Hon. L. Trnmbnll, Hon. 6. DaTis, Hon. L. P. Poland, 
Hon. B. S. Cos, Hon. P. Parkei^ Hen. H. D. Cooke, and Professor Henry, 
the Secretary. 

Mr. Hamlin waa caUed to the chair. 

The Secretary stated that an act of Congress bad sabatitnted the 
governor of the District of Columbia as an ex-officio Begent, in place of 
the mayor of Washington, the latter office haying ceased to exist. 
Qovemor Cooke -waa then intrttdnced as a member of the Board. 

Dr. Parker, &om the Executive Committee, presented a preUmioary 
stateneat of accounts. 

On motion of Mr. Tramboll, the report was accepted. 

The Secretary made a statemuit relative to the Virginia stocks held 
by tbe InstitnUon. It had been deemed advisable that the registered 
•tock ^ould be converted into coupon bcmds, because the coupons were 
reoeivabte for taxes, and the State had not paid interest on its stock for 
several years. The transfer had therefore been made for the Institution 
by Biggs & Co. 

On motion of Judge Poland, the Secretary was directed to deposit the 
Virginia coupon bonds, now in Biggs* Bank, in the Treasury of the 
United States for safe-keeping. 

The SecretfU7 gave an account of the improvements made In the build- 
ing dming the past year. 

A commnnication fh>m Dr. G. H. P. Peters, of the observatory at 
Clinton, New York, was read, asking the Institntion to de&ay the expense 
and act as the medium of communicating discoveries of planets, comete, 
etc, by ocean telegraph. 

The Secretary stated that he had applied to the ocean telegraph com- 
pany for the fi*ee transmission of astronomical discoveries, but had not 
received a reply. 

Several of the Begents expressed the opinion that the Institotion 
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shoald have the fraoking privilege, to enable it to distribnte scieotiBo 
reporta, &c., to libfariea and other ioBtitntioDS of the conntry. 

The Secretaiy Btated that a stable had recently been erected on the 
grounds, with the approval of General Babeock, Commissioner of Pablic 
Bnildings. This was necessary for the ose of the Institution, thougb 
the horse and carriage used by the Secretary had been parchaeed by 
himself. 

On motion of Mr. Tramboll, the action of the Secretary was approved. 

A claim, presented by T. B. Peale, esq., of Washington, for a portrait 
of WashingtoD, painted by his fotb<er, Oharlea Wilson Peale, now in the 
Smithsonian mosenm, was referred to the Ezecntive Committee. 

A commantcation was presented from Henry CBielly, relative to the 
discovery of the electro-magnetic telegraph, which, on motion of Mr. 
Davis, was read, and ordered tobe placed in the archives of the Insti- 
tution. 

Adjourned to meet at the call of the Secretary. 



Makch 28, 1872. 

A meetingof the Board'was called for this evening at 7 o'elock. Pres- 
ent: Hon. S. P. Chase, Chancellor of the Inatifaution ; Hon. L. P. Poland, 
Hon. J. A. Garfield, Hon. P. Pukor, and Pro& Henry, the Secretary. 

On account of a night session of the Senate, the Yioe-Presidmt, Hon, 
Mr. Colfax, and Senators Tramboll and Hamlin were prevented from 
attending the meeting. 

No quorom being present, adjonmed to meet at the call of the Secre- 
tary. 

APBIL 3, 1873. 

A meeting of the Board of Begents was held at 7 o'dock at the luati- 
tiition. Present; Vice-President Colfax, Hon. H. Hamlin, Hon. L-Tnuu- 
bnll, Hon. L. P. Poland, Hon. P. Parker, Hon. H. D. Cooke, and Ftof. 
Henry, Secretary. 

Mr. Colfax was called to the chair. 

The minutes of the previous meeting were read and approved. 

Dr. Parker, in behalf of the Executive Committee, presented the re- 
port of the committee, which was read, and, on motion of Mr. Hamlin, 



Dr. Parker stated that the Tiiginia coupon bonds which bad been 
received from the State bad no seal afSxed to them. In regard to this, 
the Secretary presented the following communication frvm Jos. Mayo, 
jr., treasurer of Virginia : 

COMMOHWEALTH OP VIRGINIA, TkeASDEEE'S OFFICE, 

Richmond, March 30, 1872. 
The following coupon bonds Nos. 11521 to 11578, both inclusive, for 
$1,000 each ; yo. 13S0 for $500, and Noa. 4101 and 4192 for $100 each, of 
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Vii^nia consolidated debt, exchanged December 9, 1871, for the Smith- 
sonian InstitntioD, and standing in its name on the books of this office, 
were regularly issned and are good and valid/ The omission of the State 
seal npon them was an inadvertance, Trhich will be corrected whenerer 
the bonds are retomed for the purpose. In fkct the seal is not necessary 
to pve %'alidity to tho bonds, thongh it is cnstomary to place it npon 
tbem. 

Very respectfijlly, yours, 

JOS. MAYO, 
Treasurer of Tirffinia. 

On motion of Mr. Hamlin, it was 

Beaolved, That the Secretary retom the bonds to Richmond for the 
purpose of having the State seal affixed to tbem. 

The Secretary gave an account of Major Powell's expedition, which 
was aathorized by Congress at its last session and had by law been 
placed nnder the direction of the Smithsonian Institution. He stated 
that he had addressed a communication to Congress recommending 
an additional appropriation for continoing the survey. 

The Secretary stated that, for many years, harmonious relations bad 
existed between the Institation and the Department of Agriculture for 
co-operation in advancing the science of meteorology. The blanks bad 
been furnished and distributed by that Department, and the observers 
sent their returns to the Commissioner, saving a large item of expense 
in the way of postage. The monthly summaries of observations of rain, 
temperature, etc., had been published in tlie monthly reports of the 
Department, and bad done much to encourage and stimulate the ob- 
servers and to furnish valuable data for agricnltaral and scientific pur- 
poses. Judge Watts, the present Commissioner, bad recently decided, 
however, to discontinue this publication, and tiiis was an additional 
reason why the Institution should have the fhtnking privilege. The 
Institution had a large number of computers at work in reducing and 
discussing all the meteorological observations it bad collected during the 
last twenty years, and would soon publish the results. 

The Secretary presented his annual reiiort for the year 1871, which 
was read, and, on motion of Mr. Trumbull, accepted. 

A Gommonication from F. O. J. Smith, esq., of Portland, relative to 
the electro-magnetic telegraph, was presented to the Board, and ordered 
to be placed in the archives. 

The board then adjourned sine die. 
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MEMOIR or SIR JOO FBEDEBICK ITIllIAM HBBSCBXL. 



Aboat the year 1760, as Drl Miller, tbe {vganist, better kaowD, per- 
haps, as the historian of Doocaster, England, was dining at Pout^uot 
with the officers of the Dorham militia, one of them told him that tdiey 
bad a yonng German in their band who was an excellent performer on 
the violin, and if he wonld step int« another nxnn he might Jodge for 
liimBelf. The invitation was gladly accepted, and Miller heard & solo 
of Giaidini'a executed in a planner t^^ snrpnsed him. Learning afier- 
vraid tbat the engagement of the young musician was only from month 
to month, he invited hun to leave the l»nd ^d oome and live with him. 
''lamamngle man," he said, "and we donbUees shall be happy to- 
gether ; beside, your merit win soon entitle yoe to a more eligible slta- 
atioo." The offer was accepted as frankly as it was made ; and the aat- 
ia&etion with which the old organist always plnmed himself upon this 
act of generous feeling ia not snrprlsing, moce the Gorman biMitboy- 
player tamed ont at last to be Herschel Oie astronomer. 

The Jew Snetzier, a famous organ-boUder a hnndred years and more 
ago, was at this time setting np a new organ for the parish chnioh of 
Halifox. Herschel, at Dr. Miller's advice, became one of the seven can- 
dldat«fl for the place of organist. Hey drew lots bow they were to per- 
form in snccesaion. Hefschel drew the third. The seotmd fell to Dr. 
' Wainwrigfat, of Manchester, whose rapid ezeoation aatonisbed the 
jodges. " I was standing in the middle aisle with Herschel,'' wrote Dr. 
MiDfo-, "and I said to him, 'What chance have yon to fallow this man t' 
He replied, <Idon*tknow; I am snre fingers wiH not do.* HeasoHided 
the organ-loft, however, and produced from the instrtunent so nnoom- 
mon a fhllness, emch a volume of slow, solemn harmony, that 1 coald 
not account for the effect. After a short extempore eftnsion, he flmdied 
with the old Hundredth Psalm tune, which he played batter than his 
opponent. ' Ay, ay,' cried old Snetzier, ' tith i» very goai ; 1 vill l^f tUh 
man, Jorhe gives My piphea room for to sphedk.'^ Having afterward asked 
Mr. Herschel by what means he produced so nncommoa an effect, he 
replied, "I told yoa fingers would not do ;" and taking two pieces of 
lead from his pocket, " One of these," he said, " I placed on the lowest 
key of the organ and the other on the octave above; thus, by acoommo- 
dating the harmony, I produced the effect of four hands instead of two." 

In 1780, twenty years after this, when Miller talked of his friend Her- 
acheVs great fame^ and of bis sister, Caroline Herschel, who, when her 
brother was asleep, amused herself in sweeping the sky with his twenty- 
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feet reflector and aearclung for comets, the kind-hearted old maa used to 
wish that the scieooe of aconsticB had been advanced in the same degree 
as the seieDce of optics, *' For," he said, " had William constmcted andi- 
tory tubes of proportionate power to his great telescope, who knows 
bat we might have been enabled to hear the mnsicof the spheres I " 
From this date, fonrscore and twelve years ago, until the present time, 
DO name among modem scieutiflc men has attained a higher rank than 
that of Herschel. STinety volumes of the Philosophical Transactions of 
the Soyal Society have been enriched with pfq>er8 bearing the well- 
known signature. Genius, though often hereditary, is qolte as often 
wayward. It not anfreqnently skips a generation. It descends some- 
times to dangfaters. It reappears in other cases, after being dormant 
in chUdren and gtandofaildren, in a fonrth or fifth step of descent. Bnt 
witli the two Herschels the transmission was immediate. The original 
cironmstances of the two great phUosophers were indeed widely differ- 
ent. Sir William, the fother, by genius and application succeeded in rising 
&om obscnrity to tbe proud position of the first astronomer of the age. 
His son, Sir John Herschel, had the advantage of the highest university 
training. Bnt both were ^fted with extraordinary talents, keen scien- 
tific tastes, and those great mathematical powers which so materially 
assist in abstruse iuQuiriee. In the case of the subject«f this memoir, 
the eombtaation of high edacation with an extraordinary natural taleat 
for communicating his thoughts in an attractive manner, has been one 
of the means of making him the most distinguished philosopher of the 
nineteenth centory. 

John Frederick William Herschel was born at Slongfa, March 7, 17d2. 
His fother was already famous. People came from distant lands to see 
the great telescoiie. There are traditions about the wonder with which 
mail-travelers nsed to stare, in passing, at the mechanism b; which the 
monster tube was used. A thousand stories of its revelations passed 
carrent unong the vulgar. The astrooomer let nobody use his forty-foot 
telescope, bat the fame of it could not be hidden. It wait through all 
the civilized wrald. And it was under the shadow of that mysterious 
erection that this only child of the house — bom when his father, then of 
twoscore and' twelve years, was absorbed alike in the &me he had 
achieved and the wonders he was every night discovering ; reared in 
inbooy with an uncle who spent his days in adjusting instruments, and 
an aunt whose nights were devoted to discovering new comets in the 
heavens ; witfaoat a boy's associations and playmates, in a honsekept quiet 
all the day that the star-watchers might sleep j and wandering through 
rooms whose silence no sports were permitted to disturb and no youth- 
ful buoyancy to intermpt— it was here that he passed his boyhood. 
Twelve years before the boy's bh:th the "Observations of the periodical 
star Mi» Oeti," read before the Boyal Society, had established his 
father's position amtmg scientific men, and one year later his discovery 
of TTranus brought him into the foremost rank of astrooomical observers. 
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Amid each a childhood, separated irom bo;s of his own age, suppressed in 
every demonstratioD which yoathful spirits natorally give to feeling, 
without the school antagODisms that teach a lad his real wortli, or the 
school rivalries that lead him to rate his fellow according to the plncb; 
)x>yhood he exhibits, at tiie form or on the play-groond, in the dormi- 
tory or at the sparring-match, It is strange that the boy did not grow 
np fall of eccentricities. His detractors — and even he, the gentlest of 
men, was not withoat them — say that he did. But there was in him, 
from first to last, no lack of manlinesa, no insincerity, no jealoosy, no 
indifference even to rival merit. And then the man's life-long and con- 
spicDOOB veneration for bis fother is perhaps the best proof of a happy 
ctttldhood and yonth, No want pinched the honaehold j warm affection 
existed between tbe parents ; the boy was the idol of a fond aunt and a 
fonder ancle; and it maat have been ijom a happy home that he went 
to Eton. 

At the nsoal period of life yonng Herscbel entered St Johi^ Col- 
lege, Cambridge, fit>m which be gradnated B. A in 1813, as senior 
wrangler, having for his competitors the late Dr. Peaoock:, Dean of Ely, 
who was second wrangler, and the late Bev. Fearon Fallows, formerly 
astronomer at the Cape of Good Hope, as third wrangler. The names 
of several other men of mark appear in the honor-list as contemporary 
stadenta, snch as Professor Mill, Dr. Robinson, Master of the Temple, 
and Bishop Carr, of Bombay, Mr. Herschel had no sooner attained 
his degree than he forwarded a mathematical paper te the Boyal Society, 
'• On a remarkable application of Cotes's Theorem." This waspaMished 
in the Philosophical Transactions. In the same year he was elected a 
Fellow of the Koyal Society, and though barely past his m^ority be- 
came at once an active member. 

Tlie early researches of Herschel were confined to pore mathematics. 
For papers on this snbject, pablished in the Philosophical Transactions, 
the Copley medal was awarded him in 1S21. In 1823 he tamed his 
attention to "observing" astronomy, that practical branch which 
descended to him as a hereditary' daty. This occupation led him to 
associate with others in forming a special society for the general ad- 
vancement of astronomical science. A few years previons to the death 
of his father, in consequence of the improvement in astronomical tele- 
scopes, amateur observers sprang np, who took great interest in the delin- 
eation of the heavens. It was considered an epoch favorable te the 
formation of a body that should be exclnsively devoted to the enconrage- 
meot of astronomy ; and Mr. Herschel drew ap an address which forms 
the first publication of the present Royal Astronomical Society. 

All the while, however, the imagination of the young phUosopher 
was dwelling on the last discovery of his father — the binary stars. 
It was a secret, won from the onknown, that opened a new view 
into the nniverse. The boy was scarcely in adolescence, the fiitther 
passing into old age, when the constitution of the nebalte was an< 
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DooQced. It was the great a(JueTineiit of the one ; it was the first 
dictate to the joang manhood of the other. Three years of coDversa- 
ti(Hi and thoaght passed away, when 'the boq, then twenty-four, took 
from his father, then seventy-eight, the work of examining the double 
stars. The old mao^s end of life was gained. What of nobility was in 
him had descended right royally. In the space of five years the yonog 
astroBomer bad mapped 380 doable and triple stars, obtained by above 
10,000 separate measnremeats. The record of these observations was 
acknowledged by the French Academy of Sciences in bestowing their 
astronomic^ medal, and Avowed by a similar rewaril in England. This 
oooorred in 1S21. The old astronomer had foreseen the honors which his 
son would win, bnt did not live to n^olce in them. Sir William had died 
two years before. With his death came great changes to the pleasant 
fomily at Slongh. The good mother survived, indeed, bnt the strange, 
ancient household was broken np. The aant, who had watched the clock 
aod catslogoed the stars np to the last, retomed to her old home in Ger- 
many. The cheerful old nnde had desisted £rom mechanical adj astments 
only when apoplexy felled Mm at his work, and the young inheritor of 
all the honors was left to perfonn his task alone. 

To those who have had no ezpenence in continaoos astrcnomicat 
observations these can be no conception of its anxious toil. Money 
cannot r^pay it, nor honors, nor fame. In the pursuit day must be 
turned into night, society abandoned, the round of home comforts 
broken in upon, intercoorse with friends' and neighbors discontiuned ; 
and the astronomical observer, quitting all the amenities of hCe, finds 
his compensaticm in the brotherhood of the stars. This self-sacrifice 
young Herschel made. The objects to observe required a calm atmos- 
phere. The best time for this is between mldni^^ht and sun-iise. This 
continaoas night- WOTk requires health. Herschel UAt the severity of it. 
" Should I be fortunate enough," he writes, when he was bnt thirty years 
old, "to bring this work to a condusioD, I shall then joyfoUy yield np 
a sabject on whioh I have bestowed a large portion of my time, and 
expended maoh of my health and strength, to others who will hereafter, 
by the aid of those masterpieces of workmanship which modern art 
places at their disposal, pursue with comparative ease and convenience 
an inquiry which has presented to myself difficulties sach as at one 
period had almost compelled me to abandon it in despair." 

In 1831 Mr. Herschel received the honor of knighthood from the 
hands of King William, in acknowledgment of his eminent scientific 
services. 

In 1833 he was awarded the royal medal of the Boyal Society for his 
paper " On the investigation of the orbits of revolving double stars." 
The Duke of Sussex then said of him, " Sir John Herschel has devoted 
himself for maoy years, as much from filial piety, perhaps, as from in- 
clination, to the examination of those remote regions of the universe 
into which hia illustrious father first penetrated, and which he trans* 
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mitted to bis son as a hereditary |K>SBession, with which the uame of 
Herschel most be associated for M ages. He has subjected the whole 
spbeieof the heaveDswithia bis observation toarcpeated and systematic 
BCTHtiDy. He has determined the position and described the character of 
themost remarkable of thenebnlse. Hehaa observed and registered many 
thousand distances and angles of position of double stars, and has shown, 
from comparlaon of bis own with other observations, that many of them 
form systems whose variations of position are sabject to invariable laws. 
He has succeeded, by a happy combination of graphical construction 
with Dumerieal calculations, in determining the relative elements of the 
orbjts which some of them describe round each other, and in forming 
tables of their motions ; and he has thus demonstrated that the laws of 
gravitation, which are exhibited, as it were, in miniature in our own 
planetary system, prevail also in Che most distant regions of space — a 
memotable conclnsion, justly entitled, by the generality of its character, 
to be con^dered as forming an epoch in the history of astronomy, and 
[(FesentiDg one of the most magnificent examples of the simplicity and 
ooiversality of those fundamental laws of nature by which their great 
Author has shown that he is the same to day and forever, here and 
everywhere." 

It is impossible to give any analysis of the results of the numerous 
researches which occupied the time of Sir John Herschel at the various 
periods of his life. From a rough and evidently iucomplete list of bis 
papers it would appear that out of seventy, twenty-eight are on astronom- 
ical subjects, thirteen on optics, ten on pure mathematics, eight ou 
geologj-, and eleven on miscellaneous science. 

There are, however, two of bis astronomical works to which we may 
fittingly refer here, since they furnish a key which unlocks much of Sir 
John's personal history. These are, first, his " Catalogue of nebnlse 
aud closters," published in the PhOosophical Transactions for the year 
1833, for which the gold medals of the Boyal Society and the Astro- 
nomical Society were awarded ; and, second, " Besults dedaced from 
observations made at the Gape of Good Hope." For this latter work he 
received the Copley medal for the second time from the Boyal Society, 
and an honorary testimonial from the Astronomical Society. 

The interest which Sir John Herschel always exhibited in the minute 
details of nebulx and double stars must be considered as the result of his 
association with his illustrious father, M. Arago, in his admirable and 
exhansdve biographical notice of Sir William Herschel, translated from 
tiie French, and published recently in the report of the Smithsonian 
Inbtitntioa, refers gracefully to this fact. Sir John's early familiarity 
with his father's instruments, in familiarity with which be may be said to 
have grown up, and with their necessary ase in making observations, 
had its inllnence doubtless in the same direction. Hence, probably, the 
reason why so long a period of his observing time was devoted to this 
section of astronomical research. One of his first «ommunication8^ti]{^. 
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memoirs of tbe Astronomical Society is an acconnt of the great nebnlee 
•f Andromeda and Orion, accompanifd by an admirable engraving of 
the latter. Fvta 1825 to 1833 nearly all bis astronomical energi^ were 
given to this kind of observation. The catalogue of nebnlte andclosters, 
previoasly mentioned, contains a list of more than twenty-five hondred 
of both } their right ascensions and declinations determined ; the char- 
acter of their general appearance recorded; and those which present an 
onnsnal constitution, or an extraordinary shape, (of which there are 
nearly one hundred,) are drawn with a precision, delicacy, and taste - 
worthy of the most accomplished artist. The astronomer royal, on pre- 
senting the gold medal of the Astronomical Society to Captain Smyth, 
on behalf of Sir John Uerschel, who was then residing at the Cape of 
Good Hope, remarks : "That one of the most important parts of this 
work is the division containing the engraved representations of the most 
remarkable nebulx. The peculiarities they represent cannot be described 
by words nor by numerical expressions. These drawings contain that 
which is conspicuous and distinctive to the eye, and that which will en- 
able the eyes of future observers to examine whether secular variation 
is perceptible. They are, in fact, the most distinct and most certain 
records of the state of a nebulee at a given time," 

The second series of investigations to which it is desired here to draw 
especial attention, is that described iu the unique volume entitled " Be- 
suits of Astronomical Observations made during the years 1834^-183!^, 
at the CajMJ of Good Hope } being the completion of a telescopic sorvey 
of the whole surface of the visible heavens." After the publication of 
the catalogue of uebulee in 1833, Sir John Herschel determined to 
undertake a voyage to South Africa, for the purpose of coutinning his 
researches iu another hemisphere under a new heaven. He had the 
same plan in view and the same instruments. It had been irksome to 
his honored father, and was alike fretful to his own spirit, that tbe 
clouded sky of England allowed free sweep of the great telescope along 
the path of the stars at a rate so niggardly. Hardly more than thirty 
hours in thrice that number of nights were tbe mysteries of the great 
vault exposed to his search. He resolved, therefore, to seek a clearer a^ 
mosphere and a wider field of inquiry. The sonthern extremity of Africa, 
where was an English colony, iu which seclusion conld be found without 
loss of means of communication with the philosophic world, and an un- 
clouded sky bending above a healthy climate, seemed to offer the 
great«st advantages. He consequently fixed upon tbe Cape of Good 
Hope as the most fitting place for a protracted residence away from Eng- 
land, and the broadest field for thorough researches. 

Sir John Herschel embarked at Portsmouth, in company with his 
family, on tbe 15th of November, 1833, and arrived safely at Table Bay 
OQ tbe 18tb of January, 1834, after a pleasant voyage, diversified by 
few nautical incidents. 

No one knew so well as the great astronomer of whom we write, even 
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before, while recttmbeDt on the deck of the vessel that was bearing 
him through the tropic zone, he watched for hoars together the shift- 
ing panorama of the star iiretted vault, bow the moon appeared brighter, 
fairer, and better defined throngh a more transparent atmosphere; 
bow the planets seemed to be other orbs ; bow the stars, long watched 
io a northern sky, drooped toward the borizou, and were at length 
looked for in vaiti ; bow orbs, which, to his former vision, had modestly 
moved along the sonthem ontskirts of visible creation, now marched 
majestically overhead, each 

"Walking the hoaveas like a tbiug of life," 

while new and strange bodies ascended high and higher, until the old 
earth bad passed away and a new heaven was aloft ; nor how the Via 
Lactea, in the neighborhood of the Centaur and the Cross, coupled 
with profnse collections of nebnlie and asteroids, stars and constella- 
tions, makes the soufhem sky the most magnificent star-view from any 
part of earth. Like the sonrces of the Nile to the nntraveled geogra- 
pher, or the ice-cliffs of Greenland to the student of arctic voyages, he 
knew well what a personal inspection would place before Mm, and 
tboagh the civilized world rang with applause at his saeiifit^ of home 
and its comforts, and country and its honors, for the sake of science^ 
yet tme philosophers knew that the compensation, present and future, 
fit outweighed the loss. 

After a temporary residence at Wilterfreiden, he engaged, a suitable 
mansion, bearing the name of Feldhansen, about fonr miles from Cape 
Town — a spot full of rural beauty, within sight of lofty hills, and situa- 
ted on the last of the terraced slopes by which Table Mountain lets 
itself down to the lowlands and meadows near the sea. In this place, 
removed from all the noise of traflflc and exposure to intmsioD, surrounded 
OQ all sides by a grove of planted trees, be caused a suitable building 
to be erected for the equatorial, while the 20-foot reflector was mounted 
in the' open air. 

The observatory at Feldhausen was situated in south latitude 33'^ 58' 
55" 56, and longitude 22° 4C' 9" 11 east from Greenwich, Its altitude 
was li2 feet above the level of the sea in Table Bay. During the erec- 
tion of his instruments, Sir John resided at Welterfreiden, and so quickly 
were his plans completed, that on the 22d of February, 1834, he was 
enabled to gratify his curiosity by viewing, with bis 20-foot reflector. 
Cruds, the interesting nebula about i) Argus,'and on the evening of 
the 5th of March to begin a regular scries of observations. 

After erecting his oteervatory and determining its geographical posi- 
. tion, the attention of Sir John was directed to the fitting up of the 
telescope with which his observations were to be made. He had carried 
out with him three specula, one of which was made by his fathei?, and 
need by him in his 20-foot sweeps ; another was made by Sir John him- 
self, nuder his Cathes's inspection and instructions, and the other, of the 
very same metal as the last, was ground and figured by himself alone. 
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They bad each a clear diameter of 18^ inches of polished Borface, and 
were all equally reflective when freshly polished, and perfectly similar 
in their performance. The operation of re-poUsbing, which was more 
frequently required thao in Eoglaod, was performed by himself with 
the requisite apparatus, which he also brongbt fix>m England. 

Although Sir John Herscbel never exhibited — as indeed he had no 
iiccasiou to do — the wonderful mechanical genius of his fkther, he uever- 
tbeless fully nuderstood all theformer's methods of prepariagand treating 
specula. When it was stated at a meeting of the British Association in 
1S42, that Lord Boss had attained such skill iu the treatment of metallic 
specula that he could dismount the mirror of his large telescope, 
repolish it, and replace It tbe same day, Sir John four years prerioosly 
had written to Arago these words: '^By following my fother's rules 
minutely and using his apparatus, I hare succeeded in a single day, 
without the least assistance, in polishing completely three N^ewtooiau 
mirrors of nineteen-inch aperture." 

In tbe use of reflecting specula of considerable weight, it is of the 
utmost importance that tbe metal should be supported in its case so as 
not to suffer any change of figure from its own weight. Sir John found 
that a speculum was totally useless by allowing it to rest horizontally 
on three metallic points at its cireumference. The image of every con- 
siderable star became triangular, throwing out long flaming caustics at 
the angles. Having ou one occasion suppoited the speculum simply 
agaiosta flat board, inclined atan angle of about 45°, he found that its per- 
formance was tolerably good ; butou stretching a thin pack-thread verti- 
cally down the middle of the board, so as to bring the weight of themetal 
to rest upon the thread, the images of the stars were lengthened hori- 
zontally " to a preiK>Bt(a-ons extent, and all distinct vision utterly de- 
stroyed by the division of the mirror into two lobes, each retaining 
something of its parabolic figure, separated by a vertical band in a state 
of distortion, and of no figure at all I " The method which Sir John 
found the best was the following : Between the mirror and the back of 
the case he interposed six or seven folds of thick woolen baize, of 
uniform thickness and texture, stitched together at their edges. The 
metal, when laid flat on this bed, was shaken so as to be concentric 
with the rim of the case, and two supports, composed of several strips 
of similar baize, were introduced so as to occupy about 30° each, and 
to leave an arc of aboat 40° unoccupied opposite the point which was 
to be lowermost in the tube. "When the case is raised into an inclined 
position, and slightly shaken, tbe mirror takes its own free bearing on 
these supports, and preserves its figure. It is essential, however, to 
the successful application of this method that many thicknesses of the 
baize should be employed, by which only the effect of flexure in the 
wooden bock of the case can be eliminated." 

This simple plan, adopted by Sir John Herscbel, is mentioned to 
show how mechanical genius aided him. as it did bis&thni .before 
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luEQ, in OTercomiDg what had seemed to he iosnrmotmtable difficaltieg. 
The ingenioos method by which Lord Boss afforded an equable sapporc 
to a large specalam, and which is now generally adopted, was then 
unknown to him. 

The labors of Sir John Herschel in South Airica were chiefly confined 
to different subjects of observation. Stellar astronomy, however, 
occupied bis principal attention. Two of the most celebrated ne* 
bnlie— that in the sword-handle of Orion and that soironnding the 
variable star Eta Argns, as well as portions of the Milky Way, he de- 
lineated with particular care. The published drawings of these objects 
are acknowledged by all astronomers to be the most perfect represent- 
- ations of these beaatiful ornaments of the southern sky. The nebula 
of Orion, magnificent as it is north of the eqnator, comes out in much 
grander detail in the southern hemisphere, where its great elevation in 
the heavens renders it comparatively &ee itom the ill effects of an 
impoie ftbnosphere. During the cooler months at the Gape of Good 
Hope, from May to October inclusive, and more especially in June and 
July, the finest opportunities for delicate astronomical observation oc- 
CQired, and were quite equal to the observer's most sanguine ex- 
pectations. Sir John remarks that the state of the atmosphere 
Id these months was habitually good, and imperfect vision rather the 
ezc^tioD than the rule. The best nighte, when the stars were most 
steady, always occurred after the heavy rains had ceased for a day or 
two, when "the tranquillity of the images and sharpness of vision was 
each that hardly any limit was set to magnifying power, but what the 
abenatioDs of the specula necessitated." 

Upon occasions like these Sir John fonnd that optical phenomena of 
extraordinary splendor were produced by viewing a bright star through 
diaphragms of cardboard or zinc, pierced in regular patterns of circular 
bolee by machinery. These pbenomeoa, arising from the ioterferences 
of the intromitted rays, and produced less perfectly in a moderate state 
of the air, sorprised and delighted every one. A result of a more 
interesting kind was obtained when the aperture of the telescope had the 
tonn of an equilateral triangle, the center of which coincided with the 
center of the speculum. When close doable stars were viewed with the 
telescope, having a diaphragm of this form, the discs of the two stars, 
which are exact circles, are reduced to about a third of their size, and' 
possess a clearness and perfection almost incredible. These discs, how- 
ever, are accompanied with six Inminous radiations running from them 
at angles of 6(P, forming straight, delicate, and brilliant lines, like 
illtiminated threads, reaching far beyond the sea of view, and capable 
of being followed like real appendages to the star, long after the orb 
itself had left the field. 

Another optical phenomenon, arising fixtm a pecnliar condition of the 
atmosphere, is described as " nebulous haze." The effect of it was to 
encircle every star of the ninth magnitude and upward wlUt a fiunt 
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sphere of light of an extent proportioned to the briglitue&s of the star. 
This phenomenon presented itself very suddenly in a perfectly clear 
sky, free from snspicion of mist or cload, and disappeared as snddenly 
after the lapse of about a hundred seconds. Sir John Horschel stated 
that similar nebnlons affectioos occurred in England, but with less fire- 
qaeucy of coming and goiog. He at first suspected that the phenomeaa 
arose from dew upon the eye-piece ; but repeated observations satisfied 
him that they were atmospheric. 

Under the favorable circamstances in which he was now placed, the 
opportunity of studying the grand nebula in the sword-baudle of Orion 
was eagerly embraced. He had himself delineated this remarkable 
object in 1824. Four representations of it, differing essentially from his, 
had been sohsequeotly pabUahed, and it therefore became of the deepest 
interest to discover the causes of these discrepancies, and to ascertain 
whether in form or light a change had taken place. The splendid draw- 
ing of this nebula, twelve inches square, is viewed with mute admiration. 
The mysterious assemblage of suns and systems which it sets before the 
observer is at first almost overlooked in his wonder at the patience and 
skill of the artist astronomer. No fewer than one hundred and fifty 
stars are accurately depicted, and the Mnt luminosity shades away on 
the picture, as in the heavens, into the dark sky. That this marv^ons 
thing of beauty, having no relation to the stars which bespangle it and 
no union with the stars themselves, has recently undergone or is under- 
going great and rapid changes, Sir John did not believe. He writes : 
"Comparing my only drawings made at epochs (1824 and 1837) differ- 
ing by thirteen years, the disagreements, though confessedly great, are 
not more so than I am disposed to attribute to inexperience in such 
delineations, (which are really difScuIt) at an early period; to the far 
greater care, pains and time, bestowed upon the later drawings ; and, 
above alt, to the advantage of local situation, and the very great superi- 
ority in respect both of light and defining power in the telescope at the 
latter, over what it possessed at the former epoch, the reasons of which 
I have already mentioned. These circumstances render it imijossible to 
bring the figures into comparison, except in points which cannot be in- 
fluenced by such causes. JVow there is only one such particular on which 
I am at all inclined to insist as evidence of change^ viz : in respect of the 
'Situation and formoftbe 'nebula oblongata,' which my figure of 1824 
represents as a tolerably regular oval. Comparing this with its present 
appearance, it seems luirdly possible to avoid the conclusion of s»me sensible 
alteration having taken place. Ko observer now, I think, looking ever so 
cursorily at (hift point of detail, would represent the broken, curved, and 
unsymmetrical nebula in question as it is represented in the earlier of 
the two figures, and to suppose it seen as in 1837, and yet draicn in 1824, 
would argue more negligence tban I can believe myself fairly chargeable 
■with." 

The magnificent Catalogue of Nebulfe and Clusters^ of Stars in the 
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Soathern Hemisphere, comprehendiag 4.015, was reduced, arruQged, and 
executed by Sir John's own hands, and appears like ttie work of a life- 
time. 

In treating of the Magellanic clouds, two fine eye-sketchea are given, 
** drawn without telescopic aid, when seated at a table ia the open air, 
in the absence of the moon, and with no more light than was absolutely 
neceasary for executing a drawing at all." He was compelled to this 
method in consequence of his attempts to represent other tlian very 
small portions of the yubecuta Major ia the telescope, hariug been com- 
pletely bafBed by the perplexity of its details. 

On the 25th of October, 1837, Sir John was fortunate enough to ob- 
tain a Tiew of the anxion^y expected comet of Dr. Halley. In the fifth 
chapter of the " Astronomical Observations" he has given the results of 
his notice of this singular member of oursolar system. Thirteen draw- 
ings illustrate the comet. We have it as it appeared night aAer nigbt. 
On the Ist of 2fovember he describes its nacleas as small, bright, and 
highly condensed, shielded on the side next the sun by a narrow cres- 
cent of vivid, nebulous light, the front presenting an outline nearly cir- 
cular, and having an amplitude of 90^ from horn to horn. Four days 
afterward it had the common appearance of a comet, with its nucleus and . 
shghtly diverging tail ; but on its return from the sun, on the 26th of 
January, it assumed a new and surprising appearance. Its head was 
sharply tenninated " likeaground-glaBS lamp-shade, and within thishead 
was seen a vividly luminous nucleus, aa if a miniature comet, perfect in 
itself, possessing head and tail, and considerably exceeding the surround- 
ing head in intensity of light f in fact, a comet within a comet. As the 
nights followed each other, and the stranger advanced across the heav- 
ens, its increase' in dimensions was so jrapid " that it might be said it 
was almost seen to grow." On the 26th the nucleus appeared as a star 
of the tenth magnitude, furred and nebulous, and more than double in 
size within twenty-four hours. On the 29th, npou looking through the 
20-foot refiectAr, Sir John exclaimed, V Most astonishing I The coma is all 
but gone, and there are long irregular tails everywhere." The nucleus 
was then a sharp jioint, like one of Jupiter's satellites in a thick fog of 
hazy light — no well defined disk could be raised upon it — and its body 
was clearly discemable from its coma. " I can hardly doubt," he writes, 
" that this comet was fairly evaporated in perihelio by the sun's heat, 
resolved into transparent vapor, and is now iu process of rapid conden- 
sation and reprecipitation on the nucleus." 

Sir John concludes his "astronomical observations" by notices of 
the Mlar spots, and conjectures of their causes. Thirteen figures, delin- 
eated from magnified images formed on a screen by means of a 7-foot 
achromatic refractor, are given in a single plate. One of these spots 
occupied an area equal to 3,786,000,000 square miles. Of one huge spot 
he makes no measurement. Of another, not one tenth in size, he says, 
"Its blick center would have allowed the globe of oni earth to drop 
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through it, leaving a thonsand miles clear of contact on all sides of 
that tremeadoiis gulf." Of his theories of the causes of these vast 
spots ou the surface of the sun no meutioQ need here be made. GalileoT 
Kepler, Huygens, Eant, Lambert, and others, each gave their views apon 
these recondite phenomena. Sir John Herachel gave his as his father 
had done before him. Others are giving, and others still, perhaps as 
accurate observers and logical reasoners as eitherof the two, will give 
theirs. The world can afford to wait. Astronomy advances. It may 
be, in the distant future, that the mysterious center aronnd which oiu* 
sun and his worlds revolve may be detected and afford a solution for 
other mysteries as well as these. The greatest astronomer is equipped 
for no more than a Sabbath-day's journey. Mountain-tops rise to bia 
view as he moves along, and peaks of precipices disappear beyond the 
horizon which he leaves behind, but the Canaan he seeks to explore is 
still a terra incognita. 

The work from which we have taken the foregoing, entitled " Results 
of Astronomical Observations made during the years 1834,-'35-'36-'37, 
and -*38, at the Cape of Good Hope, being the completion of a tele- 
scopic survey of the whole surface of the visible heavens, commenced in 
1825," which occupies seven chapters, extending ovec four hundred and 
M,y pages, and illustrated by seventeen beautifully executed plates, 
would doubtless have appeared in a series of unconnected memoirs 
among the transactions of the Koyal or Astronomical Societies, had it 
not been for the munificence of the late Duke of Northumberland, who 
gave a large sum for its publication as a single and separate work. The 
following are the subjects which are treated in the volume : 

Chafteb I. On the nebulee and clusters of stars in the southern 
hemisphere. 

Chaftbb II. On the double stars in the southern hemisphere. 

Chapteb III. On astronomy, or the numerical expression of the 
apparent magnitude of stars. 

Chapter IY. Of the distribution of stars, and of the constitution of 
the galaxy or milky way in the southern hemisphere. 

Chapter Y. ObseFvations on Halley^s comet, with remarks on its 
physical condition and that of comets iu general. 

Chapter YI. Observations on the satellites of saturn. 

Chapter YXI. Observations on the solar spots. 

Here let us turn back fora moment to fix our attention upon the author 
of these marvelous works. The father, Sir William Herschel, had been 
notonly a great astronomer, but a foriunate man. He was fortunate in 
having George theThird for a patron. Again he was fortunate in having 
Aragofor a biographer, who, while complete master of his subject, was 
superior to envy and a lover of true greatness. But thrice fortunate 
was he in transmitting his name and fame to one, who, with the amplest 
intellectual resources of an accomplished scholar and philosopher, 
cherished the characteristic boldness of his predecessor's spirit, and 
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upheld that liberty of cocjectore whichis the mamspring of sagacity. It 
is rare that the parent's parple of intellect falla upon the child. By no 
cnltnre however akillfnl, andno aozietieB however earnest, can we trans- 
mit to onr SQCcessorB the qaalities or the capacities of the mind. In lofty 
destiniea &ther and son are rarely associated ; and in the few casea where 
a joint commiesioo hasissaedto them, it- has generally been to work in. 
different spheres, or at different levels. In the universe of mind a doable 
star is more rare than its prototype in the firmament, and when it does 
appear we watch its phases and mntatioDs with corresponding interest. 
1%£ case of the two Herschels is a remarkable one, and appears an excep- 
tioD to the general law. The father, however, was not called to the sur- 
vey of the heavens, till he had passed the middle period of life, and it 
was bnt a jnst arrangement that the son, in his youth and manhood, 
Bhonld continue the labors of his sire. As has been eloquently said, 
"The records of astronomy do not emblazon a more glorious day than 
that in which the semi-diurnal arc of the fkther was succeeded by the 
semi-diurnal arc of the son. Xo sooner had the eveningliuniDai? disap- 
peared, amid the gorgeous magnificence of the west; than the morning 
star arose bright and cloudless in its appointed coarse." Whao it is 
coasidered that these two men, father and son, have carefully examined 
the whole starry firmament with 20-foot telescopes — instruments of 
which, JQ their present state of perfection, the elder Herschel may be 
said to have been the inventor — and that they have made known to na 
thonsanda of the most interesting phenomena, it is hardly an exaggera- 
tion to say that the science of moderate siderial astronomy rests chiefiy 
cm their labors. 

It is worthy of remark, in connection with Sir John Herschel's labors 
at the Cape of Good Hope, that his residence was prodactive of benefits 
to meteorology as well as to astronomy. While oconpied there, he sug- 
getied a plan of having meteorological observations made simaltaneoas- 
ly at different places — a plan subsequently developed at greater length 
in his Imtntctions for makiTig and registering meteorological observations 
at nrious gtationt in Southern Africa, pabliBhed under official authority 
in 1844. The result has been the almost universal Adoption of a simi- 
lar plan in Europe and the United States. 

^'record of the site of the 20-foot reflector at Feldhausen, South 
Africa, has been preserved. No soooerhad Sir John embarked for Eng- 
land, tiiaQ his namerous fiiends at the Cape raised by subscription a 
nifBcientsnm to erect a granite obelisk on the spot. There, in theqniet 
del), surrounded by trees, at the foot of Table Monntain, stands an 
enduring memorial, not only of " the pleasing and grateful recollections 
, of years spent in agreeable society, cheerful occupations, and nnalloyed 
happiness," as he. gracefully expressed it, bat of the discovery of thou- 
Bonds of nebula and doable stars in the remote regions of the sidereal 
ftrmament. 

Sir John Herschel returned to England in May, 1838. London ret 
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ceired Lim with enthusiasm. The whole scientific world joined in 
the acclamation. Ho was entertained at a great public dinner. At 
the meeting of the British Association, at Newcastle, he was honored as 
the principal gnest. The Crown made him a baronet Oxford conferred 
I upon him the highest university honor ; and Scotland, not to be behind, 
lelect£d him lord rector of Marischal College at Aberdeen. Without 
doubt, the Dnl^e of Sussex having vacated the office, be might have 
been elected president of the Boyal Society, and the British Govern- 
ment proposed to reimburse all his four years' pecuniary outlays; but 
he declined them both. His motives for bis long expatriation had not 
been money, nor pleasure, nor health, nor fame, but increase and diffu- 
sion of knowledge among men. That object he had gaiued the means 
of reaching, and his largest ambition was satisfied. 

Sir John was the author of the articles on" Isoperimetrical Problems," 
and of "Meteorology," and "Physical Geography," in tho Encyclopadia 
Britannica, (the last two of which haVe be«n republished separately,) and 
alsoof several articles on scientific subjects in the Edinburgsnd Quarterly 
Beviews, which were collected and published in a separate form in 18S7, 
together with some of his lectures. He contributfid besides to "Good 
Words" some popnlar papers on the wonders of the nuiverse; and, two 
or three years before he died, he gave to the world, in the pages of 
"Gomhill Magazine," a poetical version of part of the Inferno of Dante. 
He was also one of the many sexegenarian translators of Homer's Iliad. 

Sit John Herschel was either an honorary or corresponding member 
of the academies of Vienna, St. Petersburg, Gnttingen, Turin, Bologna, 
Bruxelles, Nuremberg, Copenhagen, Stockholm, Prague, Warsaw, and 
Naples, as well as of almost all other scientific associations existing iu 
Europe and America, Asia, and the southern hemisphere. To his other 
honors was added that of "Chevalier of Merit," founded by Frederick 
the Great, and given at the recommendation of the Academy of Sciences 
at Berlin. 

We have hitherto confined our remarks to .the principal original 
researches of Sir John Herschel, which are doubtless the most striking 
to the man of science ; but still there can be no question that his popular 
reputation has arisen chiefly from his two well-known works, "A pre- 
liminary discourse on the study of natural philosophy" and "Outlines 
of astronomy," both of which contain internal evidence of his great 
attainments iu almost every department of human knowledge, and of his 
high powers as a philosophical wriler. We give a short extract from 
each of these works as examples of his style. Upon their contents it is 
not possible to enter here. 

In the "Preliminary discourse," writing upon a subject with which 
he was more intimately acquainted, than any man had ever been in the 
past, or was in the present, he says: 

"Among the most remarkable of the celestial objects are the revolving 
double stars, or stars which, to the naked eye, or to inferior telescopes, «p- 
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pear siogle, l)ut if exainineil with Ligh maguifying powers are fouDd to 
coBsist of two individuals placed almost close together, and which, when 
carefully watched, are (many of them) fonnd to revolve iu regular 
elliptic orhits about each other, and, so far as we have yet been able to 
ascertain, to obey the same laws which regulate the planetary move- 
meots. There is nothing calculated to give a grander idea of the scaje 
CD which the sidereal heavens are constructed than these beautiful sys- 
tems. When we see such magnificent bodies united in pairs, undoubt- 
edly by the same bond of mutual gravitation which holds together our 
owD system, and sweeping over their enormous orbits in periods com- 
prebending many centuries, we admit at once that they must be accom- 
plishing ends in creation which will remain forever unknown to man ; 
and that we have here attained a X'oint in science where the human 
intellect is compelled to acknowledge its weakuesB, and to feel that no 

onception the wildest imagination can form will bear the least com- 
pariaot) with the intrinsic greatness of the subject." 

Eloquently and nobly said; and yet not more eloquent and uoble 
are the thoughts themselves, or the language that clothes the thoughts, 
in the passages we have quoted, than are others to be found on almost 
every pagQ of the volume. 

la the other volume alluded to, "The outlines of astronomy," a work 
clustered with brilliant thoughts thick as the stars which stud the mid- 
night heavens, be writes : 

" There is no science which, more than astronomy, draws more largely 
on that intellectual liberality which is ready to adopt whatever is 
demonstrated, or concede whatever is rendered highly probable, how- 
ever new and uncommon the points of view may be in which objects the 
most ^miliar may thereby become placed. Almost all its coDcInsions 
stand in open and striking contradiction with those of superficial and vul- 
gar observations, and with what appears to every one, until he has under- 
stood and weighed the proofs to the contrary, the most positive evidence 
of his senses. Thns.the earth on which he stands, and which has served 
for ages as the unshaken foundation of the firmest structures, either of art 
or of nature, is divested by the astronomer of its attribute of fixity, and 
conceived by him as turning swiftly on its center, and at the same time 
moving onwards through space with great rapidity. The sun and the 
moon, which appear to untaught eyes round bodies of no very consid- 
erable size, become enlarged in his imagination into vast globes ; the 
one approaching in magnitude to earth itself, the other immensely sur- 
passing it. The planets, which appear only as stars somewhat brighter 
than the rest, are to him spacious, elaborate, and habitable worlds, sev- 
eral of them much greater, aud far more curiously furnished, than the 
ewthfae inhabits, as there are also others lessso J and thestard themselves, 
properly so-called, which, to ordinary apprehension, present only lucid 
sparks or brilliant atoms, are to him suns of various and transcendent 
glory, effnlgent centers of hfe and light to myriads of unseen worlds. 
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So that when, after dilating bis thoaghta to comprebeDd tbe grandeat 
of those ideas his calculations have called up, and exhaostiDg hia imag- 
ination and the powers of bis laogaage to devise similea and metaphors 
illastrative oi' the immensity of the scale on which his universe is eon- 
strocted, be shrinks back to his native sphere, be finds it in comparison 
a mere point ; so lost, even in the minute system to which it belongs, 
as to be invisible and unsuspected from some of its principal and re- 
moter members," 

In tbe year 1851 Sir John Herscbel accepted tbe appointment of 
master of the mint. This office, once held by Sir Isaac Newton, had 
degenerated into a place for politicians. Irrespective of qualification, 
the existing ministry had been accnstomed for more than a hundred 
years to give it to tbe member of the House of Commons who had 
served them best. From the date of Herscbel's acceptance of tbe office 
its political character ceased. He brought to the duties of the position 
the same thorough search, conscientious dealing, and indefatigable in- 
dustry that charact«rized bis life. He abolished old chart«r8, did away 
witb antiquated indentures, and refused to rene.w contracts for meltings 
and coinages. His work was so thorough that it is still styled by tbe 
employ^ at the mint the " revolution of '51." Like all innovations, it 
caused alarm. A faction grew up in opposition. Members of Parlia- 
ment and of the ministry took sides against his plans ; but that fii-mness 
fortlie right which never yielded, and that gentleness toward oppoaents 
which never lost its equipoise, ultimately achieved success. The "trial 
plates'* — he called them "fiducial pieces" — which had been used for 
centuries, were abandoned; standard tables for the qualities of the 
precious metals were prepared ; the conventional purity of British coin — 
gold as 916.6 and silver as 935 — was settled; and the mathematical coin- 
cidence of tbe result of the pyx with the legal standard, established 
tbe correct result of the assays. 

Tbe subject of our memoir, however, was not made for office-work. 
Though present at his labors throughout every day, and with ptipers 
spread before him, revising and calculating bis work far into the hours, 
of every night, the toil was not congenial. Bodily infirmity followed. 
He was unable to work. His friends became alarmed. For himself be 
bad not sought the place. Mature still needed his interpretations, and 
be desired to be at liberty to pass his last days in her domain. He 
therefore resigned his office as master of tbe mint in 1855, and betook 
himself to tbe well-earned repose of a veteran of science. 

His mind, upon the recovery of his health, resumed its wonted activity, 
and though passing bis life in comparative retirement at Collingwood, 
he prepared and published his catalogue of nebulie and star-clusters. 
This splendid work was presented to the Royal Society on November 
10, 1863, and contains all tbe nebulae and clusters which bad been any- 
where described, and identified in position sufficiently to warrant their 
inclusion. The number of objects comprised in it is 5,078i iDclodine aU 
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observed by Sir William Herschel, Sir Jolin Herschel, the Earl of Bosse, 
aad others. This tral; aoble audertakiug will ever remaiD a moDument 
of the energy and perseverance of Sir John Herschel, who at an age 
past threescore and ten ye^foondtime and inclination to arrange and 
r^mblish the great astronomic^ vrak of the century. 

From the rank ^vhich Sir John Herschel held among sdeotiflc men, 
his services were in almost constant demand on committees, boards, and 
royal commissions, whose object was the attainment of information for 
the advancement of science. For many years he was one of the " vis- 
itors " to inspect annnally the Boyal Observatory. To him was made 
the annoal report of the AstroDomer-fioyal on the efBciency of that 
establishment , and he was an Important member of the royal com- 
misston appointed to prepare new standards of length and weight ia lien 
of those destroyed by fire in 1835. As member of tbe council, and one 
of the secreteriee of the Boyal Society, he was one of its leading mem- 
bets for years. In 1830, on the resignation of the presidency by the 
late ISi. Davis Gilbert, a strong effort was made to elect Sir John 
Herschel to the vacant chair, in opposition to the Dnke of Snssex, on 
the groond that his appointment would be peculiarly acceptable to men 
of science in Europe. But a commoner, however great, has in England 
little chance of success when a royal dnke is his rivaL There were 
special reasons which influenced a large number of the feUows to sap- 
port a member of the royat tamily, and the doke was elected. In tbe 
fioy^ Astronomical Society Sir John filled the office of president for 
six years, and in 1843 be presided over the meeting of tbe British Asao- 



It was the peculiar privilege — let us say in tbe concloaion of this part 
of our menu»r — of Sir John Herschel, or peculiar gift, if the phrase be 
preferred, to combine with his special studies a breadth of view and 
power of expression that made him the Homer of science. Take, for 
example, what he has said of the vast practical importance of seiestiAc 
knowledge, "As showing as how to avoid impossibilities, in securing us 
from important mistakes when attempting what is in itself possible by 
ineans either inadeqoate or actually opposed to the end in view ; in 
enabling as to accomplish our ends in the easiest, shortest, most eco- 
nomical and most effectual manner; and in indncing us to attempt and 
enabling as to accomplish objects which, but for snch knowledge, we 
woald never have thought of undertaking.^ 

Or again, "The character of the true philosopher is to hope all things 
not impossible, and to believe all things not onreasooable. When ooce 
embarked on any physical research, it is impossible for any one to pre- 
dict where it wiU ultimately lead him. The true answer of science is that 
which again is at ooce the parallel and tbe lllostration of the langoage 
of the apostle^ "The mysteries of knowledge, which in other agfn were 
not made known onto the sons of men, are now rrvenlMl, and will Imi 
still more revealed to those whom God has chosen," 
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Or still again, "The students of science are as messengers fh>m Heaven 
to earth to make such stapeadoas annooucemente, that they may claim 
t« be listened to when they repeat in every variety of urgent instance, 
that these are not the last annonncemeDts they have to communicate ; 
that there are yet behind, to search out and to declare, not only secrets 
of nature whidi shall increase the wealth and power of men, but troths 
which shall ennoble the age and country in which they are divulged, 
and, by dilating the intellect, react upon the moral character of man- 
kind." 

We have called Sir John Herschel the Homer of science because he 
was its highest poet. It is the poef a function to move the soul — rous- 
ing the emotions, animating the affections, and inspiring the imagina- 
tion ; and all this Herschel did on almost every page of his writings. It 
is true that he avoids all i^ncifnl representations of the facts of nature 
just as he eschews the meagerness of literal narration, but he has drawn 
beautiful pictures of nature's doings — so beautiful that they have dis- 
posed two generations to find their recreation and joy in science. 

There is, besides, poetry of no mean order in such a life as that of Sir 

John Herschel — a life wholly given to lofty, unselfish aims — a life of 

. labor, working, as he expresses it, " like a working-bee" to the very end, 

reserving his almost only indignation for that spurit of idleness and ' 

laxary which spends life but does not nse it. 

There is a passage in one of Sir John's popular addresses that far- 
nishes bo admirable an insight to his own character, that it is worth trans- 
cribing. Speaking of the advantages of a taste for reading, he says: 
"Give a man this, and yon place him in contact with the best society 
in every period of history — with the wisest, wittiest, tenderest, bravest, 
and purest of characters who have adorned humanity ; yon make him a 
denizen with all nations, a contemporary of all ages. It is hardly possible 
but the character should take a higher and better tone from the con- 
stant habit of associating with thinkers above the average of hamanity. • 
It is morally impossible but that the manners should take a tinge of 
good breeding from having before one's eyes the ways in which the best 
bred and the best informed men have talked and acted." 

No word he ever spoke, no sentence he ever wrote, so exactly depicts 
himself. He was in the utmost degree a well-bred man, not Ihim gentle 
birth and careful training, not from scholarly pursuits and polite society, 
not ftom association with persons of rank and idtimacy with men of 
taste and thought, not even irom his loving nature and noble aspira- 
tions — not irom all these together, so much as irom the lofty ideal he 
cherished from boyhood to old age of perfect manhoo^ The upright 
form grew bent with passing years, the firm footstep staggered, the 
band that poised instruments so accurately that well-nigh impossible 
angles of space coald be measured to a hair's breadth became tremu- 
lous, the lines of thought on bis face deepened into wrinkles, the 
straggling, grizzled hair turned to snow-Uke whiteness, and the absent 
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expression of the eyes grew more thongbtfal, bat tbe air and manner, 
and bearing and address of the well-bred man never left him. He 
received criticisms upon bis own speculations with the same equanimity 
that he pointed ont the errors of his opponents. His action in discas- 
sioQ was never violent, nor bis voice lond. He readily acknowledged a 
fanlt, and still more readily apologized for a wrong. To tbe capacity (rf 
the young, whether in May-day sports or Christmas gambols, even wheu 
past his fourthscore year, be was as yielding as he was stem against 
any inroad upon morals or violation of tnitb. He never lost bis equi- 
poise, was never betrayed into anger, shrank ftom injnstice to others as 
if the pain to be endured were his own, looked beneath tbe rough exte- 
rior of many who approached him for honest motives, and, more than 
most of the best and wisest of oar race, might have said truly : 
" Write mo as one wbo loves bia fellow-meii." 
Sir John Herschel's life-long contemplation of the infinite in number 
and magnitude, exalting and hallowing bis mind, was eshibited in its 
effects upon his character, The troths he bad learned from the stars 
were converted into principles of action. Lofty thoughts promoted noble 
deeds. " Surely," he himself had said in a yet higher mood of the same 
vein of thought as that of tbe last passage quoted, " Surely, if tbe worst 
•f men were transported to Paradise for only half an hour amongst tbe 
company of the great and good, he would come back converted."' 

There is one feature in Sir Johu Herschel's character of which some 
delineation cannot be omitted in any approximately correct picture of his 
long life. It is bis filial piety. In a soul full of the gentlest feelings, 
his love for his father while the veteran lingered on the stage of lifCi 
and his reverence for tbe great and good man's memory after his de- 
parture, constituted the strongest sentiment. Perhaps there is no other 
instance in all history where filial aB'ection became for so long a time 
tbe ruling motive of a life. The son was bom for a successor in tbe line 
of chemistry to SirHumpbrey Davy and a rival to Michael Faraday; for 
his father's sake he became an astronomer. His tastes led him into dis- 
coveries of tbe properties of byposulphate salts and the actinic relntions 
of light ; his reverence for his ilhistrioos sire determined him to complete, 
to the abandonmeut of every favorite pursuit, what the latter had so 
nobly begun. The pursuit of astronomy was neither the voluntary choice 
oor the principal bias of his intellectual life. His inbom aptitude lay ia 
another direction. Uncontrollable circumstances determined bis career, 
ind these were framed ont of impressions of the happy home of his 
childhood. aHe became a great astronomer, not through the promptings 
of natural taste but by the dictates of filial piety. And no man was 
ever more emphatically, in thought and work, in hostility to error and 
search after truth, tbe son of his father. Over the two tlie eulogy of 
David over Saul and Jonathan might be fitly pronounced. 
" The7 were lovely imd pleasant in their lives, 
Audio their death the; were not divided; ( \>(>o|p 

Thoy were swifter than eagles ; they were stronger than lioiw." O 
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This deep reverence for his father's memory, and this high apprecla- 
tioQ of the value of his discoveries — neither undeserved cor overrated — 
possessed Sir John Herscbet to the last His " idolatry " of the great 
telescope hy which the sidereal heavens had been first tmreiled to 
human sight has been called " weak in sentiment and dubious in taste." 
Arago did not so regard the means by which its remains were pre- 
served, nor do other philosophers who hold the heart to be ever 
superior to the intellect. On the 1st of January, 1840, Sir John Her- 
Bchel and his family, the old servants among the number, assembled at 
Slougb. The metal tube had been placed horizoDtally in the meridian. 
At noon they walked in procession aronnd the instrument, entered the 
ciipacious cylinder, seated themselves on benches previously prepared, 
buug a requiem, and then, ranging themselves around that— call it 
a piec« of metal if you will — which had been the means of opening the 
star-worl J to human sight, witnessed its hermetic^ sealing. " I know 
not," says Arago, " whether those person^ who can only appreciate 
things from the peculiar point of view Irom which tbey have been 
accustomed to look, may think there was something strange in several 
of the details of this ceremony ; I affirm, however, that the whole woHd 
will applaud the pious feeling which actuated Sir John Herschel, and 
that all the friends of science will thank him for having consecrated the 
bumble garden where bis father achieved such immortal labors by a 
monument more expressive in its simplicity than pyramids or statues." 

The true place of Sir John Herscbel among the great lights of bis age 
ciinnot be accurately fixed until this geueration shall have passed away. 
The feelings, pr^udices, and partialities of contemporaneous life warp 
correct judgment. Proximity is unfavorable to true appreciation. No 
one knew this better than Biot, when he xeplietl, iu answer to the ques- 
tion,. "Whom of all the philosophers of Europe do you regard as the 
most worthy successor of Laplace ! " " If I did not love bim so much, I 
should unhesitatingly say Sir John Herscbel." Indeed, through bis 
long confinement aud protracted old age, the seekers after scientific 
truth not only in the English universities, but over all EMwope, in tbeir 
difficulties, anticipations, and successes, betook themselves to the aged 
philosopher of Collingwood. 

Of the work done by the Herschels, i'atber and son, during a period 
of almost one hundred years, it is fitting that something be said in the 
conclusion of this memoir. That work is not in general correctly un- 
derstood. The labors of the elder Herschel are indeed associated in t^e 
pubUc mind with those of his son, but the real end and aim of those 
labors, the qualities which characterized the tabors of ea45h, and the 
steps by which the two men moved on, each like a star in its orbit, 

" H&king DO haste anA taking do rest," 

towards the grand consummation, it is only necessary to peruse the 
obituary notices which appeared upon his death to see are wholly mis- 
understood, even by men of intelligence. OoO'J Ic 
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The real work of the Herscbels, then, that to which all tbcir labors 
were directed, was the surv^ of those reghtu of apace which lie beyond the 
range of the unaided vision. Other work they did which well deserves 
attention. Sir William Herschel, in particalar, left papers describing 
observations of the planets, careful stadies of the son's surface, and 
researches into a variety of other subjects of interest. But all the 
work thus recorded was regarded by him rather as affording practice 
whereby he might acquire a mastery over his iustrnments than as a work 
to which he cared to devote his powera Even the discovery of a planet 
traveling outside the path of Saturn — although, in popular estimation, 
this discovery is regarded aS the most noteworthy achievement of Her- 
Bchel's life— was in reality but an almost accitkntal result of his real 
work among the star-depths. It was, in truth, such an accident as he 
may be said to have rendered a certainty. Ko man can apply the pow- 
era of telescopes, larger than any before constructed, to scrutinize as be 
did every portion of the celestial depths, without being rewarded by 
some such discovery. He sever swept the star-depths for an hour with- 
out meeting multitudes of hitherto unkaowD orbs, far mightier than the 
massive bulk of Uranus. These discoveries pass unrecorded save nu- 
merically, but they tended to the solution of the noblest problem which 
men have yet attempted to master. It was the same with the son. All 
discoveries, all stadies, were subordin ated to this one purpose, a hnoiol- 
edge of the construction of tke heavens. 

In the pursuit of this single end it is not strange that the great pio- 
neer of star-observers should have formed opinions from time to time 
which he afterwards abandoned as unsupported by facts. In his paper, 
printed in the Philosophical Transactions of 1785, Sir William Herschel 
had said, " I have now view^ and gauged the milky way in almost 
every directioD, and find it composed of stars whose number constantly 
increases and decreases in proportion to its apparent brightness to the 
naked eye. That this shining zone is a most extensive stratum of stars 
of vanoas sizes admits no longer of the least doubt, and that our sun 
is actually one of the heavenly bodies beloagigg to it is evident." In 
the plate accompauyiug this paper, onr sun makes one of innumerable 
stars, all comparable with each other in magnitude, and distributed with 
approach to uniformity. 

In 1802, after his telescope had been asking seven years longer the 
secret of the skies, writing of our sun, magnificent as its system is, as 
only a single individual of the insulated stars, be says : " To this may 
be added that the stars we consider as insulated are also surrounded by 
a magnificent collection of innumerable stars called the milky way. 
For, though our sun and all the stars we see may truly be said to be 
in the plane of the milky way, yet I am now convinced by a long in- 
spection that the milky way itself consists of fatars difl'erently scattered 
fittm those which are immediately about us." 

Similar changes of opinion in regard to the nature of doable stass, 
9 8 71 I CiOO^? 
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In the conrse of that stupendous work wliicli has already been pointed 
oat — tlie work of Bun'ej-ing those regions of space too distant to be seen 
by the naked eve — it would be a greiiter marvel than all their anited dis- 
coveries had the Hersubels never found occasion to change their views 
and remodel their theories. They did this, both father and son, once 
and again. " If it should be remarked," wrote Sir William Herschel in 
1811, " that in this new arrangement I am not entirely consistent with 
what I have already in former papers said on the nature of some objects 
that have come nnder my ot)aervation, I mnst freely confess that, by 
continaing my sweeps of the heavens, my opinion of the arrangement 
of stars and their magnitudes, and of some other particulars, has nu- 
dergooe a gradnal change; and, indeed, when the novelty of the subject 
is considered, we cannot be surprised that many things, formerly taken 
for granted, should on examination prove to be different from what they 
were generally but incautiously supposed to be. For instance, an equal 
scattering of the stars may be admitted in certain calculations; but 
when we examine the milky way, or the closely compressed clusters of 
stars, this supposed equality of scattering must be given np. We may 
also have surmised nebulie to be no other than clusters of stars dis- 
guised by their very great distance, but a longer experience and better 
acquaintance witb the nature of nebula will not allow a gene^al admis- 
fflon of sach a principle, although undoubtedly a cluster of stars may 
assume a nebulous appearance when it is too remote for us to discern 
the stars of which it is composed." In fjict, 11. Arago'a memoir of Sir 
William Hcrscbel, as well as the numerous papers of himself and Sir 
John Herscbel, which appeared from time to time, during more thsiu 
three-quarters of a century, in the Transactions of the Eoyal Society 
and the Astronomical Society, show not only that the former modified his 
theories, gradually, indeed, but not infrequently, in accordance with 
newly-discoverwl facts, but also that Sir John Herachel's discoveries, 
though considerably in advance of the jwints reached by bis father, but 
lying, nevertheless, strictly in the direction along which the elder had 
been progressing, led to the same result. Sir William modified his views 
abont unequal double stars, concluding that the fainter orb is physically 
associated with the brighter one, instead of being far beyond it. He 
modified his views as to star-gronps, regarding at last the masses of the 
milky way as aggregations of stars instead of depths extending into 
space. Ue had come to regard many star-clusters as part and parcel of 
the milky way; large numbers of nebulie as vaporous luminousmasses; 
and galaxies external to our system, as be once believed, a portion of 
the heavens with which he was familiar. Neither father nor son ever 
regretted to see . byimthcses, though never so dearly cherished, pass 
beyond the field of controversy into the domain of the known. 

Let us now turn to another consideration of Sir John Herschel — still 
necessarily but less closely, perhaps, connecting him with his father — 
the consideration of his character as a theorist in a8troD(Mtt'V. Aa fin 
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astronomical observer he was undenialily /adle princes, not merely 
among tbe astronomers of his own country, but among all bis astro- 
nomical contemporaries. His mastery extended over tbe widest range. 
In liis genei'al knowledge of tbe science of nstronmy he was unap- 
ixipacbed ; in tbe matbmctical department of tbe science be was proficient 
above most ; in his knowledge of tbo details of observatory-work he 
was surpassed by none ; and as a ganger of the heavens by tbe largest 
telescoi)e8 he dwarfs into insignificance all tbe observational work ac- 
complished by astronomers living or dead. He went over the whole 
range of his father's work tbrougU tbe northern skies, and then com- 
pleted tbe survey of the heavens that bend over tbe southern hemis- 
phei-e. He al.ine could boast that no part of tbe celestial depths bad 
escaiKjd his scrutinj'. As an interpreter of nature, be was unrivaled ; 
as au expounder of astrouomical truths he had no living peer, and as 
a theorist he coiuuianded universal attention and compelled large ^as- 
sent- 
In order to be clearly understood as to tbe meaning attached to the 
words " astronomical theorist," let us quote a passage Irom one of the 
papers of Sir William Uerschel. It is taken from that noble essay con- 
tributed to the Transactions of tbe Koyal Society, ia which he fli'st pre- 
sented bis -ideas respecting the constitution of the celestial depths. 

'> First let me mentiou," he says, " that if we should ho^ie to make 
any progress in investigations of a delicate nature, we ought to avoid 
two opi>osite extremes, of which I can hardly say which is the most dan- 
gerous. If we indulge a fanciful imagination snd build worlds of our 
own, we must upt wonder at our going wide from the path of truth and 
nature ; but these will vanish like tbe Cartsian vortices that soon gave 
way when better theories wera offered. On the other hand, if we add 
observation to obser\-ation, without attempting to draw, not only certain 
conclnsions, hut also conjectural views from them, we offend against the 
very end for which only obser\~ations ought to be made." 

ijir John Uerschel has also described the quaUty primarily requisite 
in a theorist. "As a first preparation," tbo paper goes on to say, " he 
must loosen his hold on all crude and hastily-adopted notions, and must 
strengthen himself by something like au effort and a resolve for the un- 
prejudiced admission of any conclusion which shall appear to be supported 
by careful observation and logical argument, even should it prove of a 
nature adverse to notions he may have previously formed for himself, 
or taken up, without examination, on tbe credit of others. Such an ef- 
fort is, in fact, a commencement of that intellectual discipline which 
forms one of tbe most important ends of all science. It is tbe first 
movement of approach towards that state of mental purity which alone 
can fit us for a full and st«ady [wrception of moral beauty as well as 
physical adaptation. It is the ' euphrasy and rue ' with which we must 
* purge our sight ' before we can receive and contemplate as they are 
the lineaments of truth and nature." -. , 
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These principles Sir John Herscbel strictly observed. He approached 
everj- subject on which be proposed to theorize with " enforced mental 
pnrity." lie divested himself of prejudice. Previous views, precon- 
ceived notions, pride of opinion were cast aside. Like a child, be went to 
Nature's school to learn what she bad to teach. When be entered on 
his astronomical labors, double stars were supposed to be two stars seen 
accidentally in the same direction, and his father bad propounded the 
grandest views respecting galaxies beyond our own. Sir John Her- 
scbel must have regarded these two theories with great favor, for they 
were associated with the name of his father. Notwithstanding this, Sir 
John devoted twenty-one years — eight in resurveying the fields of 
space which had been swept by his father's telescope, four in observa- 
tion of the southern heavens, and uine in reducing his work to form 
— in order to confirm or overturn, as facts might warrant, these hjpo- 
thesesof his father. From him we now know that doable stars are not 
stars seen accidentally in the same direction, but are star-couples, asso- 
a'ated by the mighty bond of common gravity. We also know that the 
second hypothesis did not bear thecraeial test to which it was subjected. 
Other theories, indeed, of the elder Herscbel, in their important feat- 
ures, were confirmed. It is not of that, however, that we speak, but 
of the conscientious honesty and philosophic spirit with which the son 
reviewed and continued bis father's work, forever setting scienti6c 
truth higher than filial reverence. 

Sir John Herscbel was most sagacious in the interpretation of facts. 
Take, for example, his examination of the Magellanic clouds, those two 
curious patches on the southern celestial vault. He mapped their out- 
lines, pictured their minute stars, and colored and shaded their star- 
cloudlets. At this point others might have stopped. There was an 
array of interesting objects in certain regions of the heavens. What 
more could be say f But Sir John Herscbel was not thns satisfied. He 
reasoned from the globular shape of the Magellanic clouds to the dis- 
tance of the. star-cloudlets witbin tbem, thence to the scale on which 
they were formed, and thus deduced the most important conclusion, 
perhaps, ever arrived at in astronomy by abstract reasoning, to wil, that 
all the orders of star-clovdlets belong lo onr otcn system. 

Again, Sir John Herscbel was deeply impressed with the existence of 
analogies throughout tbo whole range of creation. In a private letter 
written to Kicbard A. Procter, as late as 1869, we find him saying: 
"Au opinion which the structure of the Magellanic clouds has often 
suggested to me, has Iwen strongly recalled by what you say of the 
inclnsion of every variety of nebulous form witbin our galaxy, viz, that 
if such be the ease, that is, if these forma belong to the galactic system, 
then that system includes witbin itself miniatures of itself on an almost 
infinitely reduced scale, and what evidence then have we that there 
exists a universe beyond, unless a sort of argument from analogy, that 
the galaxy, with all its contents, may be but one of these miniatures of 
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that vast universe, and so on an infinitum, and that in that universe there 
may exist multitndes of other systems on » scale as vast as oar galaxy, 
the analogues of those other nebulous and clustering forms which are 
uol miniatures of our galasyl" 

As aa illustration of his power of tracing the chaiu that binds cause 
and effect, we may refer to a passage in his Treaties on Astronomy. 
Tracing the eoanection between the central luminary of our system and 
terrestrial phenonieua, Sir John remarks that "the suu's rays aro the 
ultimate source of almost every motion that takes place on the surface of 
tlie earth. By its heat are produced the winds and those disturbances on 
the electric equilibrium of the atmoapliere which give rise to the 
phenomena of lightning, and probably also to those of terrestrial 
magnetism and the aurora. By their Tivifyiug action vegetables are 
euabled to draw support from inorganic matter, and become iu their 
turn the support of auimals and mau, and the sources of those great 
deposits of dynamical efficiency which aie laid up for human use in our 
coal strata. By them the waters of the sea are made to circulate in 
vapors through the air and irrigate the land, producing springs and 
rivers. By them are produced all disturbances of the chemical equi- 
librium of the elements of nature, which by a series of compositions and 
decompositions give rise to new products and originate transfers of 
material. Even the slow degradation of the solid constituents of the 
surface, in which its chief geological changes consist, is almost entirely 
due, on the oue hand to the abrasion of wind and rain, and the alterna- 
tion of heiit and frost, and on the other hand to the continual beating 
of sea-waves, the result of solar radiation." 

He was an admirable expounder of scientific priuciples. His style of 
writing is perhaps cumbrous, and bis sentences are often long and in- 
volved. But the thought he would express, like a thread of silver 
nniaiug through a web of purple, is always clear. The popnlar taste for 
astrouomical studies is due to his writings more than to those of all other 
moil. 

He, of all others, held mastery over pride of self-opinion. His own 
errors be admitted instantly they were discovered. Upon theories of 
others he worked aa fairly and patiently as upou his own. He never 
struggled fora knowu error nor decliued to acceptaproven truth. With 
uutiringpatience, observing skill, and ingenious device, he sought earn- 
estly t« detect falsehood iu his own opinions, and to discover truth in the 
opinions of others. It is said that he bad a feeble grasp upon facts ; that 
while his father clung with vise-like grip to the sure and the known, he 
at times allowed them to slip from bis grasp. " If so, it were a grievous ■ 
fault." But so few are the instances — not above two or three — cited by 
those who allege this, so unimi>ortaiitarethefacts named, so apparent is 
the motive, unconscious it may be to themselves, of the theorizers who 
urge the objection, that it would seem probable that his opinions upon the 
facts had beeu misinterpreted or bis statements of them misunderstood. 
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Even if tbia blemish exists, it is but as a spot upon tbe sun. It argues 
no more tban that iu one particular tbe sou was second to the father. 
But without more satisfactory evidence we prefer to range ourselves 
among the doubters, and to be among the number of those who believe 
that SU- John Herschel's reasoning was never in a single instance marred 
by a forgotten fact. 

In the contemplation of the work of the two Herschels, let as remark 
in conclusion, and what that work has revealed to us, the mind stands 
appalled. Beason shrinks before the specter of boundless creation. 
If our sun and all his planets, primary and secondary, are iu rapid 
motion ittund an invisible focus — if from that mysterious center no ray 
of light has ever reached our globe, then the buried relics of primeval 
life have taught us less of mau's brief tenure on this terrestrial paradise 
than wo learu from the lesson of the stars. The one may date back 
unnumbered centuries, the other declares that from the origin of the 
human race to its far distant future the systom to which it belongs will - 
have described but an jnGnitesimal src of an immeasurable circle in 
which it is destined to revolve. 

He married Margaret Brodie, daughter of Dr. Stewart, in 1829; she 
and a numerous family survive him. Two of his sons are already very 
favorably known in the realm of science, and their father lived to see 
one of tbem selected by the council for election to the Boyal Society. 
Another son has an important professorship in the north of England. 
The eldest son, the present Sir William Herschel, occupies, with dis- 
tingaished merit, a very important post in the civil service of Bengal. 

Herschel's whole life, like the lives of Newton and Faraday, confutes 
the assertion, and ought to remove the suspicion, that a profound study 
of nature is unfavorable to a sincere acceptance of the Christian fiiith. 
Surrounded by an affectionate family, of which he was long spared to 
be tbe pride, the guide, and the life, John Herschel died, as he had lived, 
in the nnoateatatioos exercise of a devout, yet simple, faith. 
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BIOGR&FHr READ BEFORE THE FRE:ICH ACADEMT OF SCIBNCEa, Br M. ABAQO. 



Gentlemen : Iq former times one Academician differed from aootber 
only in tlie number, the nature, and tbe brilliancy of his discoveries. 
Their lives, thrown in some respects into the same mold, consisted of 
events little worthy of remark. A boyhood more or less studious; pro- 
gress sometimes slow, sometimes rapid ; inclinations thwarted by capri- 
cions or shortsighted parents; inadequacy of means, the privations which 
it introduces in its train ; thirty years of a laborious professorship and 
difficnlt studies — such w^ere the elements from which the utimirable tal- 
ents of the early secretaries of the Academy were enabled to execute 
those portraits so piquant, so lively, and so varied, which form one of 
the principal ornaments of your learned collections. 

Xu the present day, biographies are less confined in their object. The 
convulsions which France has experienced in emancipating herself from 
the swaddling-clothes of routine, of superstition, and of privilege, have 
cast into the storms of political life citizens of all ages, of all conditions, 
and of all characters. Thus has the Academy of Sciences figured during 
forty years in the devouring arena, wherein might and right have alter- 
nately seized the supreme power by a glorious sacrifice of combatants 
and victims! 

Becall to mind, for example, the immortal National Assembly. You 
will find at its head a modest Academidan, a pattern of all the private 
virtnes, the unfortunate Bailly, who, in the different phases of his politi- 
cal life, knew bow to reconcile a passionate affection for his country with 
a moderation which his most cruel enemies themselves have been com- 
pelled to admire. 

When, at a later period, coalesced Europe launched against France a 
million of soldiers ; when it became necessary to organize for the crisis 
fourteen armies, it was the ingenious author of the Esaai sur iea MachtTiea 
and of the OSom^lrie des Positions who directed this gigantic operation. 
It was again Carnot, onr honorable colleague, who presided over the 
incomparable campaign of seventeen months, during which French 
troops, novices in the profession of arms, gained eight pitched battles, 
were victorious in one hundred and forty combats, occupied one hnu- 
dred and sixteen fortified places, and two hundred and thirty forts or 
redonbts, enriched onr arsenals with four thousand cannon and seventy 
thousand muskets, took a hundred thousand prisoners, and adorned' 
the dome of the lovalids with ninety flags. During tha sam^^time 
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the Chaptals, the Fourcroys, tlie Monges, the Bertbollets, roshed also 
to the defenue of French indepeDdeoce, some of them extraction from 
our soil, by prodigies of industry, the very last atoms of 8altpet«r 
which it contained ; others transforming, by the aid of new and rapid 
methods, the bells of the towns, villages, and smallest hamlets into a 
formidable artillery, which our enemies suitposed, as indeed they had a 
right to suppose, we were deprived of At the voice of his country in 
danger, another Academician, the young and learned Meunier, readily 
renounced the seductive pnrsuits'of the laboratory ; he went to distin- 
gnisb himself upon the ramparts of Eonigstein, to contribute as a hero 
to the long defense of Mayeuce, and met his death, at the age of forty 
years only, after having attained tbe highest position in a garrisoD 
wherein shone the Aubert-Dubayeta, the Beanpuys, tbe Uaxos, the 
Klebers, 

How could I forget here the last secretary of the original Academy 1 
Follow him into a celebrated assembly, into that convention, the sangnin- 
ary delirium of which we might almost be inclined to pardon, when we 
call to mind how gloriously terrible it was to the enemies of our inde- 
pendence, and you will always see the illustrious Condorcet occupied 
exclusively with the great interests of reason and humanity. Yon will 
hear him dcuonnce'the shameful brigandage which for two centuries 
laid waste the African continent by a system of corruption ; demand in 
a tone of profound conviction that tbe code be purified of tbe frightful 
stain of capital punishment, which renders the error of the judge for- 
ever irre|»arable. He is the official organ of the Assembly on every occa- 
sion when it is necessary to address soldiers, citizens, political parties, 
or foreign nations in language worthy of France; he is not the tactician 
of any party ; he incessantly entreats ail of them to occupy their atten- 
tion less with their own interests and a little more with public mat- 
ters ; he replies, finally, to unjust reproaches of weakness by acts which 
leave him the only alternative of the poison cup or the scaffold. 

The French Bevolution thus threw the learned geometer, whose dis- - 
coverics I am about to celebrate, far away from the route which destiny 
appeared to have traced out for him. In ordinary times it would be 
abont Dom * Joseph Fonrier that the secretary of the Academy would 
have deemed it his duty to have occupied your attention. It would be 
the tranquil, tbe retired life of a Benedictine which he would have 
unfolded to you. Tbe life of our colleague, on the contrary, will be agi- 
tated and full of perils ; it will pass into the fierce contentions of the 
forum and amid the hazards of war; it will be a prey to all the anxieties 
which accompany a difficult administration. We shall find this life Inti- 
mately associated with the great events of our age. Let us hasten to 
add, that it will be always worthy and honorable, and that the personal 
qualities of the man of science will enhance the brilliancy of his dis- 
coveries. 

*Ad ubbreviatioD of Dominna, ' to the English prefix BeT^^i^-p^^nH^^- 
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Fonrier was bora at Auxeire on the 2l8t of Marchj 1768. His father, 
like that of tbe illuBtrious geometer Lambert, wa^i a tailor. This vir- 
cuDistauce would formerly bav-e occupied a large place in the iloge of 
otir learned colleague ; thanks to tbe progress of enlightetied ideas, I 
may mention the circumstance as a fact of no importance : nobody, in 
effect, thinks in tbe present day, nobody e\*en pretends to think, that 
genius is the privilege of rank or fortune. 

Fonrier became an orphan, itt.the a gp of ejg h t years . A lady who 
bad remarked tbe amiability of his manners and his precocious natural 
abilities, recommended him to tbe bishop of Auxerre. Through the 
influence of this prelate, Fourier was admitted into the military school 
which was conducted at that time by the Benedictines of the Convent 
of St. Maik. There he prosecuted his literary studies with surprising 
rapidity and success. Many sermons very much applauded nt Paris in 
tbe moutb of high dignitaries of tbe church were omauatiuns from the 
pen of the schoolboy of t welre yeais of age. It would be impossible in 
the present day to tnxce those first compositions of the youth Fonrier, 
since, while divulging tbe plagiarism, he bad the discretion never to 
name those who profited by it. * 

At thi rtgaB ^eara F ourigr bad the petulence, the noisy vivacity of 
most young people of the same age; but bis character changed all at 
ODce, and as if by enchantment, as soon as ho wasi pitiated iiLlhe first 
principles of mathematics, that is to say, as soon as be became sensible 
of bis real vocation. Tlie hours prescribed for study no longer sufficed 
to gratify his insatiable curiosity. Ends of candles carefully collected 
io the kitchen, tbe corridors and tbe refectory of the college, and placed 
on a hearth concealed by a screen, served during the night to illuminate 
the soUtary studies by which Fourier prepared himself for those labors 
which were destined, a few years afterward, to adorn bis name and his 
country. 

lu a military school directed by monks, the minds of the pupils neces- 
sarily waver only between two careers in life-r-tbe church and the sword. 
Like Descartes, Fourier wished to be a soldier; like that philosopher, 
he would doubtless have found the life of a garrison very wearisome. 
Bat be was not permitted to make the experiment. His demand to 
undergo the examination for the artillery, although strongly supported 
by our illustrious colleague Legeudre, was rejected with a severity of 
expression of which you may judge yourselves : " Fonrier," replied tbe 
minister, "not being noble, could not enter the artillery, although be 
were a second Newton." 

Gentlemen, there is in the strict enforcement of regulations, even 
when they are most absurd, something respectable, which I have a 
pleasure in recognizing; in the present instance nothing conld soften 
the odious character of tbe minister's words. It is not true in reality 
that no one coald formerly enter into the artillery who did not possess 
a title of nobiiit)- : a certain fortune frequently supplied the want of 
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porcbments. Thus it was not a sometliing nndefinable, which, by tbe 
way, oar ancestors, the Franks, had not yet invented, that was wanting 
to young Fourier, but rather an income of a-few hnndred livres, which 
the men who were then placed at the Iiead of the country would have 
refused to acknowledge the genius of Newton as a just equivalent fori 
Treasure up these facts, gentlemen ; they form an admirable illustration 
of the immense advances which Prance has made during the last forty 
years. Posterity, moreover, will see in this, not the excuse, but the 
explaoatiou of some of those sanguinary dissensions which stained our 
first revolution. 

Fourier, not having been enabled to gird on the sword, assumed the 
habit of a Benedictine, and repaired to the Abbey of St. Benoit-snr- Loire, 
where be intended to pass the period of his novitiate. He had not yet 
taken any vows when, in 1789, every mind was captivated with bcauti- 
fuily seductive ideas relative to the social regeneration of Fiance. 
Fourier now renounced the profession of tbe church ; but tliis circum- 
stance did not prevent bis former masters from appointing liim to^the 
principal chair of mathemntics in the militarj school of Auxerrc, and 
bestowing i]^onliihi numerous fokensof a lively and sincere aflection. I 
venture to assert that no event in the life of our colleague affords a more 
Btritdng proof of the goodness of bis natural disposition and the amia- 
bility of his manners. It would bo neeessary not to know the human 
heart to suppose that the monks of St. Benoitdid not feel some cbugrin 
upon finding themselves so abruptly abandoned, to imagine especially 
that they should give up without lively regret the glory which the order 
might have expected fix>m tbe ingenious colleague who had just escaped 
from tbem. 

Fourier responded worthily to the confidence of which he had just 
become the object. When bis colleagues were indisposed, the titular 
professor of mathematics occupied in turns tbe chairs of rhetoric, of 
history, and of philosophy j and whatever might be the subject of his 
lectures, he diffused among an audience which listened to him with de- 
light tbe treasures of a varied and profound erudition, adorned with all 
tbe brilliancy which tbe most elegant diction could impart to them. 

About the close of the year 1789, Fourier repaired to Paris and read 
before the Academy of Sciences a memoir on the resolution of numerical 
equations of all degrees. This work of his early youth our colleague, so 
to speak, never lost sight of He explained it at Paris to the impils of 
the Polytechnic School ; be developed it upon tbe banks of tbe Nile in 
presenceof tbe Institute of Egypt ; at Grenoble, from the year 1S02, it was 
bis favorite subject of conversation with the professors of the Oeutral 
School and of the faculty of sciences. This finally contained the elements 
of tbe work which Fourier was engaged in seeing through tbe press when 
death put au end to his career. 

A scientific subject does not occupy so much space in the life of a man 
of science of the first rank without being ImportBnt and difficult. 
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The sabject of algebraic analysis above mentioned, which Fourier had 
studied with a pcrseveraDce so remarkable, is oot au cxceptioD to this 
rule. It offers itself in a great number of applications of calculation to 
the movements of the heavenly bodies, or to the physics of terres- 
trial bodies, and in general in the problems which lead to ei]uations of 
a high degree. As soon as he wishes to quit the domain of abstract re- 
lations, the calculator has occasion to employ the roots of these equa- 
tions j thus the art of discovering them by the aid of a uniform method, 
either exactly or by approximation, did not fail at an early period to 
excite the attention of geometers. 

Au observant eye perceives already some traces of their efforts in the 
writings of the mathematicians of the Alexandrian school. These traces, 
it must be acknowledged, are so slight and so imperfect that we shoald 
troly be justified in referring the origin of this branch of analysis only 
to the excellent labors of our countryman Vieta. Descartes, to whom 
we render very impertect justice when we content ourselves with saying 
that he taught us much when he taught us to doubt, occupied his atten- 
tion also for a short tiaie with this problem, and left upon it the indelible 
impress of his powerful mind. Hudde, gave for a particular but very 
important case rules to which nothing has since been added. Bolle, of 
the Academy of Sciences, devoted to this one subject his entire life. 
Among our neighbors on the other side of the channel, Harriot, Newton, 
Maclauriu, Stirling, Waring — I may say all the illustrious geometers 
which England produced in the last century — made it also the subject of 
their researches. Some years afterward the names of Daniel Bernoulli, 
of Euler, and of Fontaine came to be added to so many great names. 
Finally, Lagrange in his turn embarked in the same career, and at the 
very commencement of his researches he succeeded in substituting for 
the imperfect, although very iugenions, essays of his predecessors, a 
complete method which was free from every objection. From that 
instant the dignity of science was satisfied j but in such a case it would 
not be permitted to say with the poet — 

" Le teD)i)a ne fait ricn ^ I'ofiairo." 

Now, although the processes invented by Lagrange, simple in princi- 
ple and applicable to every case, have theoretically the merit of leading 
to the r^ult with certainty, still, on the other hand, they demand cal- 
calatioos of a most repulsive length. It remained then to perfect the 
practical part of the question : it was necessary to devise the means of 
shortening the route without depriving it in any degree of its certainty. 
Such was the principal object of the researches of Fourier, and this he 
has attained to a great extent. 

Descartes ha<l already found, in the order according to which the 
signs of the different terms of any numerical equation whatever succeed 
each other, the means of deciding, for example, how many real positive 
roots this equation may have. Fourier advanced a step further : he 
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discovered a method for determining vbat Dnmber of the cqaally posi- 
tive roots of every equation may be found included between two given 
quantities. Here certain calcnlations become necessary, but they am 
very simple, and whatever be the precision desireil, they lead without 
any trouble to the solutions souglit for. 

I doubt whether it were possible to cite a single scientific discovery 
of any importance which has not excited discassions of priority. The 
new method of Fourier for solving numerical equations is iu this respect 
amply comprised within the common law. We ought, however, to ac- 
knowledge that the theorem which serves as the basis of this method 
was first published by M. Budan ; that according to a rule which the 
principal academies of Europehave solemnly sanctioned, andfrom which 
the historian of the sciences dares not deviate without falling into arbi- 
trary assumptions and confusion, M. Budan ought to be considered as 
the inventor. I will assert with equal assurance that it would be im- 
possible to refuse to Fourier the merit of having attained the same ob- 
ject by his own efforts. I even regret that, in order to establish rights 
which nobody has contested, he deemed it necessary to have recourse 
to the certificates of early pupils of the Polytechnic School or protes- 
sors of the University. Since our colleague had the modesty to suppose 
that his simple declaration would not be sufficient, why (and the argu- 
ment would have had much weight) did he not remark in what respect 
his demonstration differed from that of his competitor! — an admirable 
demonstration, in effect, and one so impregrnated with the elements of 
the question, that a youug geometer, 'iL Sturm, has just employed it to 
establish the truth of the beautiful theorem by the aid of which he de- 
termines not the simple limits, but the exact number of roots of any 
equation whatever which are comprised between two given quantities. 

We bad just left Fourier at Paris, submitting to the Academy of Sci- 
ences the analytical memoir of which 1 have just given a general view. 
Upon his return to Auxerre, the youug geometer fouud the town, the 
surrounding country, and even the school to which he belonged, occu- 
pied iateusely with the great questions relative to the dignity of human 
nature, philosophy, and politics, which were then discussed by the ora- 
tors of the different parties of the National Assembly. Fourier aban- 
doned himself also to this movement of the human mind. He embraced 
with enthusiasm the principles of the Bevolutiou, and he ardentiy asso- 
ciated himself with ev^ything grand, just, and generous which the pop- 
ular impulse offered. His patriotism made him accept the most difficult 
missions. We may assert, that never, even wheu his life w-as at stake, 
did he truckle to the base, covetous, and sangtunary passions which dis- 
plnyed themselves on all sides. 

A member of the popular society of Auxerre, Fourier exercised there 
an almost irresistible ascendency. One day— all Burgundy has pre- 
served the remembrance of it — on the occasiou of a levy of three hun- 
dred thousand men, he made the words honor, country, glory, ring so 
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eloqnently, he induced so many roloatary enroUmeDts, that the ballot 
■was not deemed necessary. At the command of the orator the contin- 
gent assigned to the chief town of the Yonne formed in order, assembled 
together within the very enclosure of the Assembly, and marched forth- 
with to the frontier. Unfortunately these struggles of the fomm, in 
which so many noble lives then exercised themselves, were far firom 
having always a real importance. Bidicaloas, absurd, and burlesque 
DOtions injured incessantly the inspirations of a pnre, sincere, and en- 
li^tened patriotism. The popular society of Auxerre would famish us, 
in case of necessity, with more .than one example of those lamentable 
contrasts. Thus I might say that in the very same apartment wherein 
Fourier knew how to excite the honorable sentiments which I have with 
pleasure rec;dled to mind, he had on another occasion to contend with 
a certain orator, perhaps of good intentions, but assuredtya bad astron- 
omer, who wishing to escape, said he, from tke good pleature of munici- 
pal rolers, proposed that the names of the north, east, south, and west 
qaarters shoald be assigned by lot to the different parts of the town of 
Auxerre. 

Literature, the floe arts, and the sciences appeared for a moment to 
fionrish under the auspicious influence of the French Bevolution. Ob- 
serve, for exapiple, with what grandeur of conception the reformation 
of weights and measures was planned ; what geometers, what astrono- 
mers, what eminent philosophers presided over every department of this 
noble undertaking I Alas t frightful revolutions in the interior of the 
country soon saddeued.this magnificent spectacle. The sciences could 
sot prosper in the midst of the desperate contest of factions. They 
would have blushed to owe any obligations to the men of blood, whose 
blind passions immolated a Saron, a Baitly, and a Lavoisi^re. 

A few months after the 9th Thermidor, the convention being desiroas 
of diffusing throughout the country ideas of order, civilization, and in- 
ternal prosperity, resolved upon organizing a system of public instruc- 
tion, bat a ditBculty arose in finding professors. The members of the 
corps of instruction had become officers of artillery, of engineering, or 
of the staflT, and were combating the enemies of France at tiie frontiers. 
Fortunately at this epoch of intellectual exaltation, nothing seemed im- 
possible. Professors were wanting: it was resolved without delay to 
create some, and the normal school sprung into existence. Fifteen hun- 
dred citizens of all ages, dispatched from the principal district towns, 
assembled together, not to study in all their ramifications the different 
branches of human knowledge, bnt in order to learn the art of teaching 
onder the greatest masters. 

Fourier was one of these fifteen hundred pnpUs. It will, no doubt, 
excite some surprise that he was elected at St. Florentine, and that 
Auxerre appeared insensible to the honor of being represented at Paris 
by the most illnstrlous of her children. Bat this indifference will be 
readily understood. The elaborate scaffolding of calamnv which it haa 
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served to support mil ieil to the gronnd as soon as I recall to mind, 
that after the 9th Thermidor the capital, and especially the provioces, 
became a prey to a blind and disorderly reaction, as all political reac- 
tions invariably are; that crime (the crime of having changed opinions- 
it was nothing less hideous) usurped the place of justice; that excellent 
citizens ; that pnte, moderate, and conscientions patriots were daily 
massacred by hired bands of assaesina in presence of whom the inhabit- 
ants remained mute with fear. Such are, gentlemen, the formidable 
influences which for a moment deprived Fourier of the suffrages of his 
countrymen } and caricatured, as a pari:iaan of fiobespierre, the individ- 
ual whom St. Just, making allusion tx> his sweet and persuasive elo- 
qaence, styled a patriot in music ; who was so often thrown into prison 
by the Decemvirs; who, at the very height of the reign of terror, offered 
before the revolutionary tribunal the assistance of his admirable talents to 
the mother of Marshal Davoast, accused of the crime of having at that 
unrelenting epoch sent some money to the emigrants; who had the in- 
credible boldness toshut up at the inn of Tonnerre an agent of the com- 
mittee of public safety, into the secret of whose mission he penetrated, 
and thus obtained time to warn an honorable citizen that he was about 
to be arrested; who, finally, attaching himself personally to the san- 
guinary proconsul before whom every one trembled in Youne, made him 
pass for a madman, and obtained his recall ! Yon see, gentlemen, some 
of the acts of i>atriotism, of devotion, and of humanity which signalized 
the early years of Fourier. They were, you have seen, repaid with in- 
gratitude^ But ought we, in reality, to be astonished at it T To expect 
gratitude from the man who cannot make an avowal of bis feelings with- 
out danger would be to shut one's eyes to the frailty of human nature 
and to espose one's self to frequent disappointments. 

In the normal school of the convention, discussion from time to time 
succeeded ordinary lectures. On those days an interchange of charac- 
ters was effected : the pupils interrogated the professors. Some words 
pronounced by Fourier at one of those curious and useful meetings suf- 
ficed to attract attention toward him. Accordingly, as soon as a ne- 
cessity was felt to create masters of conference, all eyes were turned to- 
ward the pupil of St. Florentine. The precision, the clearness, and the 
elegance of his lectures soou procured for him the unanimous applause 
of the fastidious and numerous audience which was confided to him. 

When he attained the height of his scientific and literary glory, 
Fourier used to look back with pleasure upon the year 1704, aud upon 
the sublime efforts which the French nation then made for the purpose 
of organizing a corps of public instruction. If he had ventured, the title 
of pupil of the original normal school would have been beyond doubt that 
which he would have assumed by way of preference. Gentlemen, that 
school perished of cold, of wretohedness, and of hunger, and not, what- 
ever people may say, from certain defects of organization, which time and 
reflection would have easily rectified. Xotwithstandlng its short ezist- 
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ence, it imparted to scientiflc studies quite a new directioD, wbicb bas 
been prodactiTe of the most important results. In snpportiDg this 
opinion at' some length, I shall acqnit myself of a task which Fourier 
ironld certainly have imposed upon me, if he coald have suspected that 
-with joBt and eloqaeot enlogtams of his character and bis labors there 
ahonld mingle within the walls of this apartment, and even emanate 
from tbe month of one of bis snceessors, sharp critiques of his beloved 
normal school. 

It is to the normal school that we mnst inevitably ascend if we would 
desire to ascertain the earliest public t«achiDg of dacriptive geometry, 
that fine creation of the genius of Monge. It is &om this source that it 
has passed almost without modification to the Polytaohnic School, to 
foanderies, to manufactories, and the most homble workshops. 

The establishment of the S'ormal School accordingly indica4«s tbe com- 
menoement of a veritable revolution in tbe study of pnre mathematics ; 
with it demonstrations, methods, and important tlieories, buried in 
academical collections, ^)x>eared for the first time before the pupils, and 
enoooraged them to recast upon new bases tlie works destined for 
instruction. 

With some rare ezceptiona, the philosophers engaged in tbe cultiva- 
tion of science constituted formeriy in France a class totally distinct 
from that of the professors. By appointing tbe first geometers, the first 
philosophers, and the ^t naturalists of the world to be professors, the 
ccmvention threw new luster npo|i the profession of teaching, tbe ad- 
vantageons influence of which is felt in tbe present day. In tbe opinion 
of the public at large, a title which a Lagrange, a Laplace, a Monge, a 
Berthollet, had borne, became a proper match to the finest titles. If 
nnder the empire, the Polytechnic School counted among its active pro- 
fessors councilors of state, miniatera, and the president of tbe senate, 
yon must look for the explanation of this fact in the impulse given by 
tbe Normal School. 

Too see in tbe ancient great colleges professors concealed in some 
degree beliind tlieir portfolios, reading as from a pulpit, amid the indif- 
ference and inattention of their papila, discourses prepared beforehand 
with great labor, and which reappear every year in tbe same tonn. 
Nothing of this kind existed at ttie Normal School ; oral lessons alone 
were there permitted. The anthorities even went so far as to require of 
tbe illnstriooB savants appointed to the task of instruction tbe formal 
promise never to recite any lectures which they might have learned by 
heart From tliat time the chur baa become a tribune where the pro- 
fessor, identified, so to speak, with his audience, sees in their looks, 
in their gestures, in their conntenance, sometimes the necessity for pro- 
ceeding at greater speed, sometimes, on the contrary, the necessity of 
retracing bis steps, of awakening tbe attention by some incidental ob- 
servations, of clothing in a new form the thonght which, when first 
expressed, bad left some donbts in the minds of his andience. And do 
10 B 71 
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Dotsappose that the beautifal imprompts lectarea with which the amphi- 
theater of the Normal School resounded remained nnknown to the 
pablic. Short-hand writera paid by the State reported them. The 
sheets, after being revised by the professors, were sent to the fifteen 
hundred pnpils, to the members of convention, to the consuls and agents 
of the repablio in foreie:n countries, to all governors of districts. There 
was in this something oertainly of profusion compared with the parsi- 
monioos and mean habits of oar time. Nobody, however, would concor 
in this reproach, however slight it may appear, if I were permitted to 
point out in this very apartment an illostrlous Academician, whose 
mathematical geiiias was awakened by the lectures of the Normal School 
in an obscure district town. 

The necessity of demonstrating the important services, ignored in the 
present day, for which the dissemination of ^e sciences is indebted to 
the first Normal School, has indacod me to dwell at greater length on the 
subject than I intended. I hope to be pardoned; t^e example in any 
ease will not be contagious. Euloginms of the past, you know, gentle- 
men, are no longenfoshionable. Everything which is said, everything 
which is printed, induces us to suppose that the world is the creation of 
yesterday. This opinion, which allows to each a part more or less 
brilliant in the cosmogonic drama, is under the sofegou^ of too many 
vauities to have anything to fear &oro the efforts of logio. 

I have already stated t^at the brilliuit success of Fourier at the Nor- 
mfd School assigned to him a distinguished place among the persons 
whom natnre has endowed in the highest degree with the talent of pub- 
lic tuition. Accordingly, he was not forgotten by the founders of the 
Polytechnic SchooL Attached to that celebrated establishment, first 
with the title of superintendent of lectures on fottJflcatioD, afterward 
appointed to deliver a course of lectures on analysis, Fourier has left 
there a venerated name, and the repntatiou of a professor distinguished 
by clearness, method, and erudition ; I shall add even the reputation of 
a professor full of grace, for our colleague has proved that this kind of 
merit may not be foreign to the teaching of mathematics. 

The lectures of Fourier have not been collected together. The Jour- 
nal of the Polytechnic School contains only one paper by him, a memoir 
upon the "Principle of virtual velocities." This memoir, which prob- 
ably had served for the t«zt of a lecture, shows that the secret of our 
celebrated professor's great suocess consisted in the combination of 
abstract truths, of ioteresting applications, and of historical details 
littie known, and derived, a thing so rare in our days, irom original 



We have now arrived at the epoch when the peace of Leoben brought 
back to the metnqx)liB the principal ornaments of our armies. Then 
the professors and the pupils of the Polytechnic School had sometimes 
the distinguished honor of sitting in their amphitheaters beside Gen- 
erals Desaix and Bonaparte. Everything indicated to them then an 

.1 Xiot>^rc 
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active participatioo in the events which each foresaw, and which ia fact 
w«re not long in occorring. 

2fotwitli8tanding the precarious condition of Europe, the Director; 
decided upon denuding the coaatiy of its best troops, and launching 
them upon an adventurons expedition. The five chiefs of ^e repnblic 
vere then desirons of removing ftom Paris the conqueror of Italy, of 
thereby patting an end to the popular demonstrations of which he every- 
where formed the object, and which sooner or later would become a real 
danger. 

Ontheotberhand, the illustrious general did notdream merely of tbemo- 
meotory conquest of Egypt ; he wished to restore to that country its ancient 
splendor; he wished to extend its cultivation, to improve its system of 
iirigatioD, to create new branches of industry, to open to commerce 
numerous ontlets, to stretch out a helping hand to the nnfortnnate in- 
habitants, to rescue them from the galling yoke under which they had 
groaned for ages — in a word, to bestow upon them without delay all the 
benefits of Boropean civilization. Designs of each magnitude could not 
have been accomplished with the mere personnel of an ordinary army. 
It was necessary to appeal to science, to literature, and to the fine arts ; 
it was necessary to ask the cooperation of several men of judgment and 
of experifipce. Monge and Bertholtet, both members of the Institute 
and professors in the Polytechnic School, became, with a view to this 
object, the principal repruiting aids to the chief of the expedition. Were 
oar colleagues leidly acquainted with the object of this expedition t I 
dare not reply in the atBrmative; but I know at all events that they 
were not permitted to divulge it. We ate going to a distant coun^ ; 
we shaD embark at Toulon ; we shall be constantly with yon ; General 
Bonaparte will command the army, such was in form and substance the 
limited amount of confidential information which had been imperiously 
traced oot to them. Upon the faith of wwds so vague, with the chances 
of a naval battle, with the English hulks in perspective, go in tbe* pres- 
ent day and endeavor ti enroll a father of a family, a savant already 
known by useful labors and placed in some honorable position, an artist 
in pouessioo of the esteem and confidence of the public, and I am much 
mistaken if you obtain asytbing else than refhsals ; bnt in 1798^ Franca 
had hardly emerged from a terrible crisis, during which her very ex- 
istence was frequently at stake. Who, besides, had not encountered 
imminent pnsonal danger f Who bad not seen with his own eyes enter- 
prises of a truly desperate nature brought to a fortunate issue f Is any- 
tliing more wanted to explain that adventurous character, that absence 
of all care for the morrow, which appears to hare been one of the most 
distinguishing features of the epoch of the Directory. Fourier accepted 
then, without hesitation, the proposals which his ooUeagoes brought to 
him in Ibe name of the oommander-ln-chief ; ^ quit ted the agreeable 
detiesof a professor of the Polytechnic School to go— be knew not where; 
to do-^6 knew not ifbat " " ' , .ih,GoOQ[c 
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Chance placed Fourierdaring the voyage in the vessel in which 
Kleber sailed. Tbe trieoHsbip which the philosopher and the warrior 
vowed to each other ftvm that m<HDent was not without some influence 
upon the eventa of which EgypL^gg^^e^t heater afte r the deoartJtra nf 
tfa poleq n. 

He who signed his orders of the day, the Memb& of the Institute, Com- 
mander -m-ehief of the Army in the Ewt, could not fail to place an academy 
among the means of regenerating theancient kingdom of the Pharaohs. 
The valiant army which he commanded had barely conquered at Cairo,* 
on the occasion of the memorable battle of the Pyramids, when the In- 
stitute of Egypt sprung into existence. It consisted of forty4ight mem- 
bers, divided into four seotioua. Monge had the honor of being the 
first president. As at Paris, Bon^>arte belonged to the section of 
mathematics. The situation of perpetual secretary, the filling up of 
which was left to the &ee choice of the society, was unanimously assigned 
to Fourier. 

You have seen the celebrated geometer discharge the same duty at 
the Academy of Sciences ; ytw have appreciated his liberality of mind, 
bis enlightened benevolence, his unvarying afEability, his straightforward 
and conciliatory disposition ; add in imagination to so many rare quali- 
ties the actj^Tity which youth, which health, can alone give, and you will 
have again conjured into existence tbe secretwy of the Institute of 
Egypt; and yet the portrait which I have attempted to draw of him 
would grow pale beside the original. 

Upon the banks of the IsTile, Fourier devoted himself to assiduous 
rese&rehes on almost every branch of knowledge which the vast plan of 
the Institute embraced. The DeeoAe and the Courier <tf Egypt will 
acquaint the reader with the tides of his difi'erent labors. I find 
in these journals a memoir upon the genenU aolutioa of algebraic 
equations ; reseu^jhes on the methods of elimination ; tbe demonstra- 
tion of a new theorem of algebra ; a memoir upon the indeterminate 
analysis; stndies on general mechanics; a technical and historical 
w<«-k npoa the aqueduct which conveys the waters of the Nile to tbe 
Castle of Cairo ; reflectiooB upon the. oasea ; the plan of statistical 
researches to be niulertaken with reelect to tlie state of Egypt; pro- 
gramme of an int«ided exploration of the site of ancient Memphis, uid 
of the whole extent of burying-placee ; a descriptive account of the 
revolutions and manners of Egypt, from the time of ita conquest by 
Selim. 

I find also in the Egyptian Ikoade, that, on the first complementary 
day of the year VI, Fourier.c^mmunioated to the Institute the descrip- 
tion of a machine designed to promote irrigation, and which was to1>e 
driven by the power of wind. 

This work, so far removed fh>m the ordinary current of the ideas of 
our colleague, has not been printed. It would v«y naturally find a 
place iu a work of which tbe expedition to Egypt might again furqish 
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tfae sabject, notwithstanding tbe manj beantiful pablicationB which it 
lias already called into existence, tt woald be a deacriptdon of the man- 
nftdories of steel, of arms, of powder, of cloth, of machines, and of 
iDStnuneots of every kind which onr anny had to prepare for the occa- 
Gdon. If, during our infancy, the expedients which Robinson Omsoe 
practiced in order to escape from the romantic dangers which he had 
inceasantly to enooanter, excite onr interest in a lively degree, how, in 
naatnre age, coold we regard with indifference a handfnl of Frenchmen 
thrown npon the inhospitable shores of Africa, without any possible 
communication witli the mother-oonntry, obliged to contend at once 
with the elements and vith formidable armies, deetttnte of food, of 
elotliiDg, of arms, and of ammnnitioo, and yet snpplying every want by 
1^ force of genina 1 

The long route which I have yet to traverse will hardly allow me to 
add a i^w words relative to the administrative services of the illnstrions 
geometer. Appointed French commissioner at the Divan of Oairo, he 
became the official medinm between tbe gener^-in-chief and every 
Egyptian who might have tb complain of an attack against his person, 
his property, his morals, his habits, or bis creed. An invariable snavity 
of manner, a scmpulons regard for prejudices to oppose which directly 
wonid have been vain, an inflexible sentiment of justice, bad given him 
an ascendency over the MnssnlmaQ popnlation, which tbe precepts of 
the Koran conld not lead any one to hope for, and which powerfhlly 
coDtribnted to the maintenance of friendly relations between the inhab- 
itants of Cairo and the French soldiers. Fonrier was especially held in 
veneration by the Oheiks and the TJl^mas. A single anecdote will serve 
to show that this sentiment was the offspring of genuine gratitude. 

The Emir Hadgey, or Prince of the Caravan, who had "been nominated 
\ty General Bonaparte npon his arrival in Cairo, escaped daring the 
campaign of Syria. There existed strong grounds at the time for sup- 
posing that four Cheiks Ulemag had rendered themselves accomplices of 
the treason. Upon his retom to Egypt, Bonaparte confided the investi- 
gation of this grave affair to Fonrier. " Do not," said he^ " snbmit half- 
measnres to me. Yon have to pronounce jndgment upon high person- 
ages : we must either cat off their heads or invite them to dinner." On 
tbe day following that on which this conversation took place, the four 
Oheiks dined with the general-in-chtef. By obeying the insph^tions of 
his heart, Fonrier did not perform merely an act of hnmanity ; it was, 
moreover, one of excellent policy. Oar learned colleagne, M. OeoSh)y 
Saint-Hilaire, to whom I am indebted for this anecdote, has stated in 
fact that Soleyman and Fayoumi, the principal of the Egyptian chiefs, 
whose punishment, thanks to our colleague, was so happily transformed 
into a banquet, seized every occasion of extolling among their conntry- 
men the generosity of the French. 

Fonrier did not display less ability when our generals confided diplo- 
matic missions to him. It is to bis tact and urbanity that onr army is 
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indebted to an offensiTe and de fensive tr eaty of sll^.ce„m^JUi)]ixad 
Ber^ JoBtTy inuUU til' llllH f^jdVllU l;'oimBr omitted to make known the 
details of the negotiation. This la deeply to be regretted, for the pleni- 
potentiary of Moorad was a woman, the same Bitty Sfefl^ah whom Kle- 
ber has immortalized by proclaiming her benejicenee, her iwbU lAaracter, 
in the buUetJn of Heliopolie. and who, moreover, waa already c^brated 
from one extremity of Asia to tlie otber, in conseqaenoe of the bloody 
revolutions which her nnpaialleled beaoty had excited among the 
Mamelukes. 

The incomparable victory which Kleber gained over the army of the 
Grand Vizier did not damp the energy of the jaoissaries, who had seized 
npon Cairo while the war was raging at HeliopoUa. They defended 
themselves &om hoose to house with heroic courage. The besieged had 
to di^QaeJtgtween the entire deetmction of thecjJ3:.aBd.AiUlonorable 
capitnlation. The latter alta^tive was adopted. Foorier, charged, 
Vs^nsuaTpfrith the negotiations, conducted them to a favorable issue; 
bat on this occasion the treaty was not discussed, agreed to, and signed 
within the mysterioos precincts of a harem, npon downy couches, ander 
the shade of balmy groves. The preliminary discussions were held in 
a house half rained by bullets and grape-Bhot, in the center of the 
quarter of which the insurgents valiantly disputed the possession with 
our soldiers, before even it wonld have been possible to agree to the 
basis of a treaty of a few hours. Accordingly, when Fourier was pre- 
puing to celebrate the welcome of the Turkish commissioner conform- 
ably to oriental usages, a great number of musket-shots were fired from 
the house in front, and a ball passed through tbe coffee-pot which he 
was holding iu his hand. Without calling in question the bravery of 
any person, do you not think, gentlunen, that if diplomatists were usu- 
ally placed in equally perilous portions, tiie public would have less rea- 
son to complain of their proverbial slowness 1 

In order to exhibit, under one point of view, the various administrative 
duties of our indefatigable colleague, I should have to show him to you 
on board the English fleet, at the instant of tb e capitnlatioa of Meno n. 
stipulating for certain guarantees iu favor of the members of tbe Insti- 
tute of Egypt ; bnt services of no less importance and of a different nature 
demand also our attention. They will even compel us to retrace our 
steps, to ascend even to the epoch of glorions memory when Desaix 
achieved the conquest of Upper Egypt, as much by the sagacity, the 
moderation, and tbe inflexible jastice of all his acts, as by the rapidity 
and boldness of his military operations. Bonaparte then appointed two 
numerous commissions to proceed to explore in those remote regions a 
multitude of monnments of which the moderns hardly suspected the 
existence. Fourier and Costas were tbe commandants of these com- 
missions. I say tbe commandants, -for a sufficiently imposing military 
force had been assigned to them ; since it waa firequentiy after a o^bat 
with tbe \\-andenng tribes of Arabs that the astronomer found iu.the 



JOSEPH FOUBIEB. 151 

moTements of the beavenl; bodies the elements of a future geo^aphical 
iii^>; tliat the naturalist collected uokDown plants, determined the 
geobgical constitation of the soil, occupied himself with troublesome 
diasecUoos; that the antiquary measured the dimensions of ediflces; that 
he attempted to take a fbithfal sketch of the &ntaatic images with which 
ererytbittg was covered in that singular country, £rom the smallest 
pieces of fiimitore, from the simple toys of children, to those prodigious 
palaces, to those immense facades, beside which the vastest of modern 
coDstmctions wonld hardly attract a look. 

Hie two learned commissioDs studied with sompnions care the mag- 
niflceot temple of the ancient Tentyris, aud especially the series of 
astaroDomical signs which have excited in onr days such lively discus- 
sioos} the remarkable mooomenta of the myaterions and sacred Isle of 
Elephantine; the ruins of Thebes, with her hundred gates, before which 
{and yet they are nothing but mins) onr whole army halted, in a state of 
astonishment, to appland. 

Fourier also presided in Upper Egypt over these memorable works, 
when the commander-in-chief suddenly quitted Alexandria, aud retomed 
to lYance with his principal firieuda. Those persons then were very 
much mistaken who, upon not finding pur colleague on board the &igate 
Hninm, beside Monge and Berthollet, imagined that Bonaparte did not 
appreciate his eminent qualities. If Fourier was not a i>assengei, tliis 
arose from the ctrcnmstance of his having been a hundred leagues from 
tbe Mediterranean when the Muiron set sail. The explanation contains 
nothing striking, but it is true In any case, the friendly feeling of 
Eleber toward the secretary of the Institute of Egypt, the influence which 
be justly granted to him on a multitude of delicate occasions, amply 
compensated him for an unjust omission. 

I arrive, gentlemen, at the epoch so suggestive of painful recollec- 
tions, when the Agaa of the janissaries, who bad fled into Syria, having 
despaired of vanquishing our troops so admirably commanded by the 
boDorable arms of the soldier, had recourse to the dagger of the assassin. 
Ton are aware that a young fanatic, whose imagination had been 
wrought up to a high state of excitement in the mosques by a month of 
prayers and abstinence, aimed a mortal blow at the hero of Heliopolis at 
the instant when he was listening, without suspicion, and with his usual 
kindnesa, to a recital of pretended grievances, «>d was promising redress. 

Tills sad misfortune plunged onr colony into profound griefs The 
Egyptians themselves mingled their tears with those of the French 
aoldiers. By a delicacy of feeling which we should be wrong in sup- 
posing the Mahometans not to be capable of, they did not then omit, 
they have not since omitted, to remark, that the assassin and bis three 
accomplices were not born on the banks of the Kile. 

The army* to mitigate its grief,* desired that the funeral of Eleber 
should be celebrated with great pomp. It wished, also, that on that 
solemn day some person should recount the long series of brilliant 
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actions which will traDsmit the name of the illostrioua geDeral to the 
remotest posterity. B^ nuanimous consent this honorable and perilons 
mission was confided to Fonrier. 

There are very few individuals, geutlemen, who have not seen the 
brilliant dreams of their yonth wrecked one after the other against the 
Bad realities of mature age. Fourier was one o£ those few excepttoos. 

Iq efEbct, transport yourselves mentally back to the year 1789, and 
consider whatwould'be the ihtore prospects of the humble convert of St. 
Beaott-snr-Loire. No doubt, a small share of literary glory ; the favor of 
being heard occasionally in the chnrchea of the metropolis; the satis- 
faction of being appointed to eologize such or such a public personage. 
Well, nine years have hardly passed and you find him at the head of 
the Institute of Egypt, and he is the oracle, the idol, of a society which 
coasted among its members Bonaparte, Berthollet, Monge, Malus, 
Qeoffroy St Hilaire, Oont^, &c. ; and the generals rely upon him for 
overcoming apparently insurmoautable difflcnities, and the army of the 
East, itself so rich in adornments of all kinds, would desire no other 
interpreter when it is necessary to recount the lofty deeds of the hero 
which it had just lost. 

It was upon the breach of a bastion which our troops had recently 
taken by assault, in sight of the most majestic of rivers, of the mag- 
nificent valley which it fertilizes, of the frightful desert of Lybia, of the 
colossal pyramids of Gizeh ; it was in presence of twenty populations 
of different origins which Cairo unites together in its vast basin ; in 
presence of the most valiant soldiers that had ever set foot on a land, 
wherein, however, the names of Alexander and of Ceesar still resonnd ; 
it was in the midst of everything which could move the heart, excite 
the ideas, or exalt the imagination, that Fourier unfolded the noble 
life of Kleber. The orator was listened to with religious silence j but 
soon, addressing himself with a gesture of his hand to the soldiers 
ranged in battle-array before him, he exclaims : "Ah, bow many of yon 
would have aspired to the honor of throwing yourselves betweeu^leber ., 
and his assassin I . I call you to witness, intrepid cavalry, who rushed 
to save him upon the heights of Koraim, and dispelled in an instant 
the multitude of enemies who had surrounded him !" At these words 
an electric tremor thrills througbont the whole army, the colors droop, 
the ranks close, the arms come into collision, a deep sigh escapes from 
some ten thousand breasts torn by the saber and the bullet, and the 
voice of the orator is drowned amid sobs. 

A few months after, ux>on the same bastion, before the same soldiers, 
Fonrier celebrated with no less eloquence the exploits, the virtues, of 
the general whom the people conquered in A&ica saluted with the name 
so flattering of Jtist Sultan^ and who sacrificed his life at Marengo to 
secure the triumph of the French anus. 

Fourier quitted Egypt only with the last wreck of the army, in virtue 
of the capitulation signed by Menou. On his return to, France, the 
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object of his most constant solicitude vaa to illnstrate the memoralile 
expedition of wbicfa he had beeo one of the most active and moat asefnl 
members. The idea of collecting together the varied labors of all his 
colleagues incontestably belongs to him. I find the proof of this in a 
letter still nnpnblished, which he wrote to Kleber from Thebes on the 20th 
Vend^miaire, iu the year VII. Ko pnblic act in which mention is made 
of this great literary monoment is of tin earlier date. The Institute of 
Cairo having adopted the project of a Work upon Bffypt as early as the 
month of I^imaire, in the year YIII, confided to Fonricr the task of 
mdtingtogetherthe scattered elements of it, of making them consistent 
with each oCher, and drawing np the genera] introdoction. 

Tbia introduction was published under the title of Hifitorical Preface. 
Fontanea saw in it the graces of Athens and the wisdom of Egypt united 
toeetter. What conld I add to such an enloginmf I shall say only 
that there are to be found there, in a few pages, the principal features 
of the goverument of the Pharaohs, and the results of the subjection 
of ancient Egypt by the kings of Persia, the Ptolemies, the successors 
of Angnstas, the emperors of Byzantinm, the first Caliphs, the cele- 
tetted Salodin, the Mamelukes, and the Ottoman princes. The different 
phases of onr adventurous expedition are there characterized with the 
greatest care. Fourier carries his scruples to so great a length as to 
attempt to prove that it was just. I have said only so far as to attempt, 
for is that case there might have been something to deduct from the 
second part of the eulogium of Fontanes. If, in 1797, our countryman 
experienced at Cairo or at Alexandria ontragea and extortions which 
the Grand Seignior either would not or could not repress, one may in all 
rigor admit that France ought to have exacted justice to herself; that 
she had the right to send a powerAil army to bring the Turkish custom- 
house officers to reason. But this is far &om maintaining that the Divan 
<tf Constantinople ought to have favored the French expedition ; that 
mr conquest was about to restore to him, m some «oH, Egypt and Syiia; 
that the capture of Alexandria and the battle of the Pyramid! wovld 
mkanee the lutter of the Ottoman name ! However, the public hastened 
to acquit Fourier of what appears hazarded in this smtdl part of bis 
beantitbl work. The origin of.it has been sought for in political exi- 
gencies. Let us be brief ; behind certain sophisms the hand of the orig- 
ini^ conunander-in-chief of the army of the East was suspected to be 
seen I 

I^apoleou then would appear to have participated, by his instructions, 
by bis counsels, or, if we choose, by his imperative ordera, in the com- 
position of the essay of Foarier. What was not long ago nothing more 
than a plausible conjecture has uow become an incontestable fact. 
Thanks to the conrtesy of M. Ghampolliou-Figeac, I held in my hands, 
within the last few days, some parts of tiie first proof-iheets of the his- 
torical preface. These proofk were sent to the Emperor, who wished to 
makeihimself acquainted with them at leisure before reading them with 
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Foarier. The; are covered with marginal notes, and tbe additiooB wbudi 
tfaey have occasioned amonnt to almost a third of the original disconne. 
Upon these pages, aa in the definitive work given to the pablio, one 
remarks a complete absence of proper names; the only exception ia 
in the case of the three genends-in-cbief. Thus Foarier had imposed 
npon himself the reserve which certain vanities had blamed so severely. 
I shaU add that nowhere throughont the predons proof-sheets of H. 
Ohampollion do we perceive traces of the miserable fe^ngs of jealooay 
which have been attribated to iNapoleon. It ia true that apon poinlisg 
ont with hia finger the word illnstrioos applied to Kleber, tbe Emperor 
said to onr colleagne, " Some one baa directed my attention to this 
epithet;" bnt, after a short paaae, he added, "It ia desirable that yon 
sboold leave it, for it is just and well deserved." These wrads, geotle- 
mea, honored the monarch still leas than they branded with disgrace 
the some one whom I regret not being able to designate in more definite 
terms ; one of those vile courtiers whose whole life is occupied in spying oat 
the frailties, the evil passions of their masters, in order to make them 
subservient in conducting themselves to honors and fortnnel 

Fon y i ei; ]hfld „no sooner returned to Europe than he was named^ Jw- 
nwy^dj^ 1802)jrefeet of Ihe department oTTTsiire." The ancient Dan- 
pEiny was then a prey to ardent political dissensions. The republicans, 
the partisans of the emigrants, those who had ranged themselves under 
tbe banners of the consular government, formed so many distinct castes, 
between whom all recoociliation appeared impossible. Well, gentle- 
men, this impossibility Fourier achieved. His first care was to cause 
the Hdtel of the Prefecture to be considered as neutral ground, where 
each might show himself without even the appearance of a concession. 
Cuiiosity alone at first brought the people there, but tbe people returned ; 
for in France tbey seldom desert the saloons wherein are to be found a 
polished and benevolent host, witty without being ridiculous, aud 
learned without being pedantic What bad been diviilged of tbe opin-i 
ions of onr colleague, respecting the auti-biblican antiquity of the Egyp- 
tian monuments, inspired the religions classes especially with lively 
apprehensions ; they were very adroitly informed that the new prefect 
counted a mint in his family ; that the bU$sed Pierre Fourier, who 
established the religions sisters of t^e Congregation of Kotre-Dame, was 
bis grand-uncle, and this circumstance efiiected a reconciliation which 
the unalterable respect of the first magistrate of Grenoble for all con- 
scientious opioiODS cemented every day more and more. 

As soon as he was assured of a truce with the political and religious 
parties, Fourier was enabled to devote himself exclusively to the duties 
of his office. These duties did not consist with him in heaping up old 
papers to no advantage. He took personal cognizance of tbe pnyects 
which were submitted to him ; be was the indefatigable promote of all 
those which narrow-minded persona sought to stifle in their birth ; we 
may include in this Inst class the superb road from Grenoble ta !Farin 
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by MooDt Gen^vre, which the events of 1814 have so aofortunately 
inteiTaptad, and especially the draint^^e of the marshes of Bourgoin. 

These marshes, which Loois XIV had givea to Marshal Turenne, 
were a focus of infecticm to the thirty-sevea commiuiea, the lands of 
which were partially covered by them. Fourier directed personally 
the topographic operatioDB which established the posaibility of drunage. 
With titese docaments in bis hand he went ttom village to village — I 
might almost say fix>m hoaae to boose— to flx the saoriAce which each 
ftmily oagfat to impose upon itself for the geo^ral interest. By tact 
md perseTeranoe, taking " the ear of com ottcaya in the right direction,^ 
thirty-seven municipal cooncils were indaoed to contribute to a common 
fandf without whioh the projected operation wonld not even bave been 
oomnenced. Saccess crowned this rare perseverance. Rich harvests, 
fiit pastures, numerous flocks, a robust and happy population now 
covered an immense territory, where formeriy the traveler dared not 
remain more than a few boors. 

One <rf the predecessors of Fourier, in the situation of perpetual 
secretary of the Academy of Sciences, deemed it bis duty, on one 
occasion, to beg an excuse for having given a detailed account of certain 
researches of Leibnitz, which bad not required great efforts of the 
intellect : " We ought," says he, " to be very much obliged to a man 
SQch as be is, when he condescends, for the pablic good, to do some- 
thing which does not partake of genius I" I cannot conceive the ground 
)f sucb scruples; in the present day the sciences are regarded from too 
high a point of view, that we should hesitate in placing in the first rank 
of the labors with wbich tbey are adorned those whioh diffuse comfort, 
health, and happiness amidst the working population. 

Id presence of a part of the Academy of Inscriptions, in an apartment 
wbovin the name of hieroglyph baa so often resounded', I cannot refrain 
from alludingto the service which Fourier rendered to science by retain- 
ing ChamitoUion. The yoang professor of history of tbe faculty of 
letters of OienoMe bad just attained tbe twentieth year of his age. 
Fate calls him to shoalder tbe mnsket. Fourier exempts him by investing 
him with the title of pupil of the School of Oriental Languages which be 
had borne at Paris. The minister of war learns that the papil formerly 
gave iuhis resignation; he denounces tbe frand, and dispatches a peremp- 
tory order for his departure, Which seems even tc exclude all idea of 
rem<Histrance. Fourier, however, is not discouraged ; his intercessions 
are skillful and of a pressing nature ; finally, he draws so animated a 
portrait of the precocioas talent of kia yovng friend, that he succeeds in 
wringing from the government an order of special exemption. It was 
not easy, gentlemen, to obtain such success. At the same time, a con- 
script, a member ofovr Academy, succeeded in obtaining a revocation of 
bis order foi- departure only by declaring tbat he would follow on foot 
in the costnme of tbe Institute tbe contingent of the arrondissemeut of 
Paris in which be was classed. f-- ■ 

DigitzedbyGOOgle 
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Tbe odmiDiBtrative duties of the prefect of I'ls^re hardly internipted 
the labors of the geometer and the man of letters. It is &om Greooble 
that the principal writings of Fourier are dated ; it was at Gienoble that 
he composed the Th4orie Math6matique de la Chaleur, which forms his 
principal title to the gratitude of the scientific world. 

I am far from being unconscious of the difBcnlty of analyzing that 
admirable work, and yet I Bhall attempt to point out the successive 
steps which be has achieved in the advancement of science. Ton will 
listen to me, gentlemen, with iDdnlgence,notwitbatanding Bevend minute 
details which 1 shall have to recount, siuee I thereby fulfill tbe mission 
with which you have honored me. 

Tbe ancients had a taste, let as say ratber a passion, for the marvel- 
ous, which caused them to forget eyeu tbe sacred duties of gratitude. 
Observe them, for example, grouping together the lofty deeds of a great 
number of heroes, whose uamea they have not even deigned to preserve, 
and investing tbe single personage of Hercoles with them. The lapse 
of ages has not rendered us wiser in this respect In our own time the 
public delight in blending fkble with history. In every career of life, 
in the pursuit of science especially, they enjoy a pleasnre in creating 
Hercnleses. According- to vulgar opinion, there is no astronomical dis- 
covery which is not due to Herschel. The theory of the planetary 
movements is identified with the name of Laplace } hardly is a passing 
allusion made to the eminent labors of D'Alembert, of Clairant, of Enler, 
of Lagrange. Watt is the sole inventor of the steam-engine. Chaptal 
has enriched the arts of chemistry with the totality of the fertile and 
ingenions processes which constitute their prosperity. Even within this 
apartment has not an eloquent voice lately asserted that, befbre Fourier, 
the phenomenon of heat was hardly studied, that the celebrated geom- 
eter bad alone made more observations than all his predecessors pot 
together; that he had with almost a single effort invented a new sciraioef 

Althongh he runs the risk of being less lively, the oi^an of tbe 
Academy of Sdenoea cannot permit himself such bursts of enthnsiasm. 
He oaght to bear in mind that tbe object of these soleoinities is not 
merely to celebrate the discoveries of Academicians ; that they are also 
designed to encourage modest merit ; that an observer, fbrgotteu by his 
contemporaries, is Iteqnently supported iu his laborious researohes by 
the thought that he will obtain a benevolent look fivon posterity. Let as 
act, so far aa it depends upon us, in such a manner that a hope so just, bo 
natural, may not be finstrated. Let us award a just, a brilliant homage 
to those rare men whom nature has endowed with the precious privilege 
of arranging a thousand isolated facts, of making seductive theories 
spring from them ; but let us not forget to state, that the scythe of the 
reaper had cut the stalks before one bad thought of uniting them into 
sheaves ! 

Heat presents itoelf iu natural phenomena, and in those which are the 
products of art, under two entirely distinct forms, which Fourier has 
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Beparately considered. I shall adopt the same division, commencing, 
however, with radiant heat the historical analysis which I am about 
to sabmit to yon. 

ITobody doubts that there is a physical distinction which is eminently 
worthy of being studied between the ball of iron at the ordinary temper- 
ature which may be handled at pleasure, and tbe ball of iron of the same 
dimensions which the flame of a furnace has very mnch heat«d, and 
which we cannot touch without burning ourselves. This distinction, 
according to the majority of physical inquirers, arises Ax)m a certain 
quantity of an elastic imponderable fluid, or at least a fluid which hns 
not been weighed, with which the second ball has combined during tbe 
process of heating. The fluid'which upon combining with cold bodies 
renders them hot, has been designated by tte name of heat or caloric. 

Bodies unequally heated act upon each other even at great distances, 
even through emptg space, for the colder becomes more hot, and the hotter 
becomes more cold ; for after a certain time they indicate the same 
degree of the thennometer, whatever may have been tbe difference of 
their original temperatures. Accordingtothehypotbesesabove explained, 
tiieie is bat one way of conceiving this action at a distance : this is to 
suppose that it operates by the aid of certain efSuvia which traverse 
space by passing &om the hot body to the cold body ; that is, to admit 
that a hot body emits in every direction rays of heat, as luminous bodies 
emit rays of light. 

The eflSuvia, the radiating emanations by tbe aid of which two distant 
bodies form a calorific communication with each other, have been very 
appropriately designated by the name of radiating caloric. 

Whatever may be said to the contrary, radiating heat bad already 
been tbe olyect of important experiments before Fourier iindertook his 
labors. The celebrated Academicians of the dmento found, nearly two 
eentariea ago, that thia heat is reflected'Uke light ; that, aa in tbe case 
of light, a concave mirror concentrates it at the foons. Upon sabsti- 
tnting balls of snow for heated bodlea, they even went so fhi as to prove 
that frigocifio foci may be formed by way of reflectioh. Some years 
afterward Mariotte, a member of this Academy, discovered titai. there 
exist diSerent kinds of radiating heat; that Ute heat with which rays 
of light are accompanied traverses all transparent media as easily as 
Ught does ; while, again, the caloric which emanates from a strongly 
heated, bat claque substance, as well as the r^a of heat whidi are found 
mingled with the Inminous rays of a body moderately incandescent, are 
almoat entirely arrested in their passage through tbe most transparent 
[date of glasst 

This striking discovery, let us remark in passing, will show, notwith- 
standing the ridicule of pretended savants, how happily inspired were 
tbe workmen in fonnderiee, who looked at the incandescent matter of 
&eir fomaces only throagh a plate of ordinary glass, thinking by the 
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aid of this artifice to arreat the beat which would have bamed their 
eyes. 

In the esperiinental sciences, the epochs of the most brilliant progress 
are almost always separated hy loDgiiiterrals of almost absolute repose, 
lltas, after Marlotte, there elapsed more than a century without history 
having to record any new property of radiating heat. Then, in close 
succession, we find in the solar'light obscnre calorific rays, the existence 
of which could admit of being established only with the thermometer, 
and which may be completely separated from lominons rays by the aii 
of the prism ; we discover, by the aid of terrestrial bodies, that the 
emission of caloric rays, and consequently the cooling of those bodies, 
is considerably ret^ded hy the polish of the surfaces ; that the color, 
the nature, and the thickness of the outer coating of these same sur- 
faces exercise also a manifest inflaeuce upon their emissive power. 
Experience, finally, rectifying the vague predictions to which the most 
enlightened minds abandon themselves witli so little reserve, shows that 
the calorific rays which emanate frpm the plane surface of a heated 
body, have not the same force, the same intensity in all directions ; that 
the ffloximum corresponds to the perpendieolar emission, and the mtn- 
imum to the emissions parallel to the sarface. 

Between tliese two extreme positions, how does the diminution of the 
emissive power operate T Leslie first sought the solution of this import- 
ant question. His observations seem to show that the intensities of 
the radiating rays are proportional (it is necessary, gentlemen, that I 
employ the scientific expression) to the sitjes of the angles which these 
rays form with the heated surface. But the quantities npon which the 
experimenter had to operate were too feeble ; the uncertainties of the 
tbermomctric estimations compared with the total effect were, on the 
contrary, too great not to inspire a strong degree of distrust ; well, gen- 
tlemen, a problem before which all the processes, all the instruments of 
modem physics, have remained powerless, Fourier has completely solved 
without the necessity of having recourse to any new experiment. He 
has traced the law of the emission of caloric songht for, with a perspi- 
cuity which one cannot sufficiently admire, in the most ordinary pheno- 
mena of temperature, in the phenomena which at first sight appeared 
to be entirely iQdex)endent of it. 

Such is the privilege of genius ; it perceives, it seizes relations where 
vulgar eyes see only isolated facts. 

Nobody doubts, and besides experiment has confirmed the fact, that 
in all the points of a space terminated by any envelope maintained at a 
constant temperature, we ought also to experience a constant tempera- 
ture, and precisely that of the envelope. Now, Fonrier has established 
that if the calorific rays emitted were equally intense in an directions, 
if the intensity did not vary proportionally to the sine of the angle of 
emission, the temperatnre of a body situated in the inclosure woold 
depend on the place which it would occupy there ; that the temperature 
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of boiUng water or of meUing iron, for- example, vQuId ejcist i» certain 
points of a hollote envelope of glass ! In all the vast domain of the 
physical sciences we shoald be anable to find a mora striking application 
of the celebrated method of the reduOtio ad absurdum of which tbe 
ancient mathematjcians made use in order to demonstrate tbe abstract 
trnthfl of geomett?. 

I sball not quit this first part of tbe labors of Fonrier withoat adding, 
that he has not contented himself with demonstrating with so much 
felicity the remarkable law which oonnecta the comparatire intensities 
of tJie calorific rays, emanating onder all anglee ttom heated bodies ; he 
has sought, moreover, the physical cause of this law, and he has fonnd 
it in a circumstance which his predecessors had entirely neglected. Let 
OS suppose, says he, that bodies emit heat not only from the molecales 
of their surfaces, bnt also fix>m the particles in the interior. Let as 
snppose, moreover, that the heat of these latter particles cannot arrive 
at the sorfoce by traversing a certain thickness of matter witboat 
undergoing some degree of absorption. Fourier baa reduced these two 
hypotheses to calculation, and be has hence deduced mathematicaUy the 
experimental law of the sines. After having resisted so radical a test, 
the two hyiwtheses were fonnd to be comfrietely verified ; they have 
become laws of nature ; tiiey point out latent properties of caloric 
which could only be discerned by the eye of the intellect. 

In the second question treated by Fourier, heat presents itself onder 
a new form. There is more difficulty in following its movements ; bnt 
. the coucInsioDS dedaced fh)m tbe theory are also more general and more 
important. 

Heat excited, concentrated into a certain point of a solid body, com- 
municates itaelf by way of condftction, first to the particles nearest the 
heated point, then gradually to all the regions of tbe body. Whence 
tbe problem of which tbe following is the enunciation. 

By what routes, and with what velocities, is the propagation of heat 
efiiected in bodies of difTerent forms and different natures subjected to 
certain initial conditions 1 

Fundamentally, the Academy of Sciences had already proposed this 
problem as tbe snbject of a prize as early as the year 1736. Then the 
tenns beat and caloric were not in use ; it demanded ike stndy of naiurt, 
and the propagation op PiBEl The word ^re^ thrown tliUB into tbe pro- 
gramme without any other explanation, gave rise to a mistake of the 
most singular kind. Tbe majority of philosophers imagined that the 
question was to explain in what way huming communicates itself, and 
increases in a mass of combustible matter. Fifteen competitors pre- 
sented themselves ; three were crowned. 

This competition was prodnctive of very meager resulta. However, a 
ringolar combination of circumstances and of proper names will render 
the recollection of it lostiog. 

Has not the public a right to be surprised upon reading this acadfwnQ 
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declaration : " The qaestion affords no handle to geomtitrs I " In matter 
of inventions, to attempt to dive into the future is to prepaid for one's self 
BtrikiDg mistakes. One of the competitors, the great Euler, took these 
words in their literal sense : the reveriea with which his memoir aboands 
are not compensated in this instance by any of those brilltaot discover- 
ies in analysis — I had almost said of those sablime inspirations — ^which 
were so familiar to him. Fortunately Enler appended to his memoir a 
sapplement tmly worthy of bis genios. Father Lozeras de Fiesc and 
the Oonnt of Gr^ul were rewarded with the high honor of seeing their 
names inscribed beside that of the illostrions geometer, althbugh it 
would be impossible in the present day to discern in their memoirs any 
kind of merit, not even that of politeness, for the coartier said rndely 
to the Academy : "The qnestion which you have raised interests only 
the curiosity of mankind." 

AiDong the competitors less favorably treated, we preceive one of the 
greatest writers whom France has prodooed— the author of the Eenriade. 
The memoir of Voltaire was, no donbt, far from solving the problem 
proposed ; bat it was at least distinguished by elegance, cleonieBS, and 
precision of language ; I shall add, by a severe style of argument ; for 
if the author occasionally arrives at goestiouable resnlts, it is only wbMi 
be borrows false data from the chemistry and physics of the epoch, — 
sciences which bad just sprung into existence. Moreover, the anti- 
Oartesian color of some of the iMvrts of the memoir of Yoltaiie was cal- 
culated to find little fovor in a society where Gartesianism, with its 
incomprehensible vortices, was everywhere held in high estimation. 

We shoald hare more difficulty in discovering thecanses of the fhilare 
of a fourth competitor, Madame the Marchioness dn Cb&telet, for she 
also entered into the contest InstitntedTby the Academy. The work of 
Emilia was not only an elegant portrait of all the properties of heat 
known then to physical inquirers; there were remarked, moreover, in it 
different projects of experiments, among the rest, one which Herschel 
has since developed, and fh>m which he has derived one of the principal 
flowers of his brilliant scientific ecown. 

While such great names were occnpied in discussing this question, 
physical inquirers of a less ambitious stamp laid experimentally tbe solid 
basis of a future mathematical theory of heat. Some established that 
tbe same quantity of caloric does not elevate by the same number of 
degrees equal weights of different substances, and thereby introduced 
into the science the imporiiant notion oteapacily. -Others, by the aid of 
observations no less certain, proved that beat, applied at the extremity 
of a bar, is transmitted to the extreme parts with greater or less velocity 
or intensity, according to the nature of tbe substance of which the bar 
is composed : thus they suggested the original idea of oomdvetibilits. The 
same epoch, if I were not precluded &om entering into too minate 
details, would present to us interesting experiments. We should find 
that it is not true that, at all degrees of the thermometer, the loss of 
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heat of a body is proportioD^ to the excess of its temperatare above 
that of tlie medinm in which it is plaoged ; bnt I have been deairoas of 
shofriDg yoa geometry penetrating, timidly at first, into questions of 
the propagation of heat, and depositing there the first germs of its fer- 
tile methods. 

It is to Lambert, of Mnthonse, that we owe this first step. This inge- 
nioos geometer had proposed a very simple problem, which any person 
may oomprehend. A slender metsUlic bar is exposed at one of ita ex- 
tremities to the constant action of a certain focas of heat. The parte 
nearest the focus are heated first. Gradually the heat commanicates 
itself to the more distant part^ and, after a short time, each point ac- 
quires the maximom temperature which it can ever attain, Althoagh 
Ihe experiment were to last a hundred years,, the tbermometric state of 
the bar vould not undergo any modification. 

As might be reasonably expected, this masimnm of heat is so much 
less considerable as we recetle from the focns. Is there any relation 
between the final temperatures and the distances of the different parti- 
cles of the bar from the extremity directly heated T Snch a relation ex- 
ists. It is very simple. Lambert investigated it by calculation, and 
experience confirmed the results of theory. 

In addition to the somewhat elementary question of the UmgitudiwU 
propagation of heat, there oflTered itself the more general but much more 
diCficolt problem of the propagation of heat in a body of three dimen- 
uons terminated by any surface whatever. This problem demanded the 
ud of the higher analysis. It was Foorler who first assigned the equa- 
tions. It is to Fourier, also, that we owe certain theorems, by means of 
which we may ascend fi^om the differential equations to the integrals, 
and pnsh the solutions, in the m^ority of cases, to the fin^ uumerical 
applications. 

T he first memoir of Fourier on the theory of heat dates from the year 
l§ffl. The Academy, to which it was communicated, being desirous of 
Cueing the author to extend and improve bis researches, made the 
question of the propagation of heat the subject of the great mathemati- 
cal priz e which was to be awarded in_the_beg[imjng_of the year 1812, 
Foarier^id^n effect, compete, and ills memoir was crowned. But, alas! 
as Fontenelte said, " in the country even of demonstrations, there are 
to be found causes of dissension." Some restrictions mingled with the 
favorable judgment. The illustrious commissioners of the prize, La- 
place, Lagrange, and Legendre, while acknowledging the novelty and 
importance of the subject, while declaring that the real differential 
equations of the propagation of heat were flnaUj; found, asserted that 
"lEey perceived^difficulties in the way in which the author arrived at 
them. They added that his processesof integration left something to be 
d^ired, even on the score of rigor. They did not, however, support 
their opinion by any arguments. 

Foarier never admitted the validly of this decision. Even at the 
11 8 71 
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close of bis life he gave unmistakable evideace that he tfaoaght it nn- 
jast, by causing his memoir to be printed in our volumes without chang- 
ing a single word. Still, the doubts expressed by the commissioners of 
the Academy reverted incessantly to his recollection. From the very 
beginning they had poisoned the ple-asnre of his triumph. These first 
impressions, added to a high susceptibility, explain how Fourier ended 
by regarding with a certain degree of displeasure the efforts of those 
geometers who endeavored to improve his theory. This, gentlemen, 
waa a very strange aberration of a mind of so elevated an order. Our 
colleague had almost forgotten that it is not allotted to any person to 
conduct & scientific question to a definitive termination, and that the 
imi>ortant labors of D'Alembert, Clairaut, Euler, Lagrange, and La- 
place, while immortalizing their authors, have continually added new 
luster to the imperishable glory of Newton, Let us act so that this ex- 
ample may not be lost. While the civil law imposes upon the tribunes 
the obligation to assign the motives of their judgments, the academies, 
which are the tribunes of science, cannot have even a pretext to escape 
from this obligation. Corporate bodies, as -well as individuals, act 
wisely when they reckon iu every instance only upon the authority of 
reason. 

At any time the "Th«5orie Math^matique de la Chalenr" would have 
excited a lively interest among men of reflectioQ, since, upon the suppo- 
sition of its being complete, it threw light upon the most minute pro- 
cesses of the arts. In our own time the numerous points of affinity ex- 
isting between it and the curious discoveries of the geologists have 
made it, if I may use the expression, a work for the occasion. To point 
out the intimate relation which exists between these two kinds of 
researches.would be to present the most important part of the discov- 
eries of Fourier, and to show how happily our colleague, by one of 
those inspirations reserved for genius, bad chosen the subject of bis 
researches. 

The parts of the earth's crust which the geologists call the sediment- 
ary formations were not formed all at once. The waters of the ocean, 
on several former occasions, covered regions which are situated in the 
present day in the center of the continent. * There they deposited, in 
thin horizontal strata, a series of rocks of different kinds. These rocks, 
although superposed like the layers of stones of a wall, must not be con- 
founded together. Their dissimilarities are palpable to the least prac- 
ticed eye. It is necessary, also, to note this capital fact, that each 
stratum has a well-defined limit; that no process of transition connects 
it with the stratum which it supports. The ocean, the original source 
of all these deposits, underwent then formerly enormous changes iu its 
chemical composition, to which it is no longer sutject. 

With some rare exceptions, resulting from local convulsions, the effects 
of which are otherwise manifest, the order of antiquity of the successive 
strata of rocks which form the exterior crust of the globe ought to be 
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tbat of tbeir saperposition. The deepest have been formed at the most 
remote epochs. The attentive stady of tbeae different envelopes may 
aid 08 Id ascending the stream of time, even beyond the most remote 
epochs, and enlightening qb with respect to those stupendous revolu- 
tioDB vrhich periodically overwhelmed contioents beneath tho waters of 
the ocean, or again restored them t« their former condition. Crystalline 
rocks of granite upon wbicb the sea bas effected its original deposits 
have never exhibited any remains of life. Traces of each are to be found 
only Iq the sedimentary strata. 

Life appears to have first exhibited itself on the earth in the form of 
vegetables. Tbe remains of vegetables are all tbat we meet with in the 
most HDcient strata deposited by the waters; still they belong to plants 
of the simplest stractore — ^to ferns, to species of rashes, to lycopodes. 

As we ascend into the upper strata, vegetation b»»>mes more and 
more complex. Finally, near the surface, it'resembles the vegetation 
actnally existing on tbe earth, with this characteristic circumstance. 
however, which is weir deserving attention, that certain vegetables 
which grow only in sonthem climates — that tbe large pnlm-trees, for 
example— are found in their fossil state in all latitudes, and even in tbe 
center of tbe frozen regions of Siberia. 

In tbe primitive world, these northern regions enjoyed then, in winter, 
a temperature at least equal to tbat which is experienced in tbe present 
da^ under the parallels where tbe great palms commence to appear; at 
Tobolsk, the inhabitants enjoyed the climate of Alicante or Algiers. 

We shall deduce new proofs of this mysterious result from an atten- 
tive examination of tbe size of plants. 

There exist, in the present day, willow-grass or marshy msbes, ferns, 
and lycopodes, in Enrope as well as in the tropical regions; bnttbey 
are not met with in large dimensions, except in warm conntiies. Thus, 
to compare together the dimensions of the same plants ia, in reality, to 
compare, in respect to temperature, the regions where they are pro- 
duced. Well, place beside the fossil plants of oar coal mines, I will not 
say the analogous plants of Europe, but those which grow in the coun- 
tries of Jdontb America, and which are most celebrated for tbe ricbneas 
of their vegetation, and you will find the former .to be of incomparably 
greater dimensions than the latter. 

The foaail flora of France, England, Germany, and Scandinavia offer, 
for example, ferns ninety fc^t bigb, the stalks being six feet in diameter 
or eighteen feet in circnmferenee. 

Tbe licopodet wbicb, in the present day, whether in cold or temperate 
climates, are creeping-planta, rising hardly to the height of a decimeter 
above tbe soil ; whidi, even at tbe equator, under the most favorable 
dfcnmstances, do not attain a height of more ihwa one meter, bad in 
Eorope, in the primitive world, an altitude of twenty-flve meters. 

One must be blind to all reason not to dnd in these enormous dimen- 
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sioHS a new proof of tbe high temperBtoie eqjoyed by oturtsoantry before 
tiie last irruptions of the #ceaii. 

The study of fossil animals is no less fertile in resnlta. I should digreaa 
fcoia my subject if I were to examine here how the organization of 
animals is *developed npon the earth; what modifications, or more 
strictly speaking, what complications it has undergone after each cata- 
clysm, or if I even stopped to describe one of those ancient epochB 
dming which the earth, the sea, and the atmospbere bad for inhabitants 
cold-Uooded reptiles of enormoas dimensions; tortoises, with shells three 
feet in diameter; lizards seventeen meters long ; pterodactyles, veritable 
flying dragons of such strange forma that they might be claised on 
good grounds either among reptiles, among mammiferoas animals, or 
among birds. The object which I have proposed does not require that 
I should enter into such details; a single remark will suffice. 

Among the bones contained in the strata nearest the present surface 
of the earth are those of the hippopotamns, the rhinoceros, and tlie 
elephant. These remains of animals of warm conntries are to be found 
in all latitudes. Travelers have discovered specimens of them even at 
Melville Island, where the temperature descends, in the present day, 
50° beneath z^^. In Siberia they are found in such abundance aa 
to have become an article of commerce. Finally, upon the rocky 
shores of the Arctic Ocean, there are to be found not merely fragments 
of skeletons, but whole elephants still covered with their flesh and skin. 

I Bhoald deceive myself very much, gentlemen, if I were to suppose 
that each of you had not deduced from these remarkable facts a conclu- 
sion no less remarkable, to which, indeed, the fossil flora had already 
habituated us; namely, that as they have grown older the polar regions 
of the earth have cooled down to a prodigious extent. 

In the esplanatioD of so curious a phenomenon, eosmologists have not 
taken into acoonnt the existence of possible variations of the intensity 
of the solar heat; and yet the stars, those distant suns, have not the 
constant brightness which the common people attribute to them. Nay, 
some of them have been observed to dimiuisfa in a sufBcieutly short 
space of time to the hundredth part of their original brightness ; and 
several have even tot^ly disappeared. They have preferred to attrib- 
ute everything to an internal or primitive heat with which the earth 
was at some former epoch impregnated, and which is gradually being 
dissipated in space. 

Upon this hypothesis the inhabitants of the polar regions, ^though 
deprived of the sight of the snn for whole months together, must have 
evidently enjoyed, at very ancient epochs, a temperature equal to that 
of the tropical regions, wherein exist elephants in the present day. 

It is not, however, as an explanation of the existence of elephantsiin 
Biberia that the idea of the intrinsic heat of the globe has entered for 
tbe first time into science. Some savants bad adopted it before the dis- 
covery of those fossil animals. Thus, Descartes was of opinion that 
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originally {I cite his own words) the earth did not differ from the sun »» 
any other re»peet than in being amailer. Upon this bypothesiB, theu, it 
oaght to be coDsidered as an extinct sua. 

Leibnitz conferred upon this hypothesis the honor of appropriating it 
to himself. He attempted to deduce from it the mode of formation of 
the different solid envelopes of which the earth consists. Boffon, also, 
imparted to it the weight of bis eloquent anthority. According to that 
great naturalist, the planets of onr system are merely ^rtioua of the 
sno, which the sbock of a comet had detached from it some tens of thoa- 
sands of years ago. 

In support of this igneons origin of the earth, Mairan and Boffon 
cited already the high temperature of deep mines, and, among others, 
titose of the mines of Giromagny. It appears evident that If the earth 
was formerly incandescent, we should not fail to meet in the interior 
strata — that is to say, in those which ought to have cooled last — traces 
of their primitive temperature. . The observer who, upon i>euotrating 
into the interior of the earth, did not find an increasing heat, might then 
otMisiderbimself amply authorized, to reject the bypothetical conceptions 
of Desbartes, of Mairan, of Leibnitz, and of BnffoD. Bat has the con- 
verse proposiUon the same certainty I Would not the torrents of heat, 
which th6 sun has coutinned incessantly to launch for so many ages, 
have diffused themselves into the mass of the earth, so as to produce 
there a temperature increasing with the depth t This is a question of 
high importance. Certain easily satisfied minds conscientiously sup- 
posed that they had solved it, when they stated that the idea of a con- 
stant temperature was by far the most natural ; but woe to the sciences 
if tlf^y thus included vague considerations, which escape all ciiticism, 
among the motives for admitting and rejecting facts and theories I Fon- 
tenelle, gentlemen, would have traced their horoscope in these words, 
BO well adapted for bumbling our pride, and the truth of which the his-' 
tory of discoveries reveals in a thousand places: " When a thing may 
be in two difierent ways, it is almost always that which appears at first 
the least natural." 

Whatever importance these reflections may possess, I hasten to add 
that, instead of the arguments of his predecessors, which have no real 
value, Fourier has substituted proofs, demonstrations; and we know 
what meaning such terms convey to the Academy of Sciences. 

In all places of the earth, as soon as we descend to a certain depth, 
the thermometer no longer experiences either diurnal or annual varia- 
tion. It marlis the same degree, and the same fraction of a degree, from 
day to day, and from year to year. Such is the fact: what says theory t 

Let as snppose, for a moment^ that the earth has constantly received 
all its heat from the sun. Descend into its mass to a sufficient depth, 
and you will find, with Fourier, by the aid of calculation, » couRtuut 
temperature for each day of the year. You will recognize further, that 
this solar teniperatare of the inferior strata varies from one climate to 
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another J tbat in each conntry, finally, it oaght to be always the same, 
80 loug as wfi do not descend to depths which are too great relatively 
to the earth's radius. 

Well, the pheDomena of nature stand in manifest contradiction to this 
result. The observations made iu a multitude of mines, observations 
of the tem|>erature of hot springs coming from different depths, have 
all given an increase of one degree of the centigrade for every tweoty 
or thirty meters of depth. Thus, there was some iuaccuracy in the hy- 
pothesis which we were discussing upon the footsteps of our colleague. 
It is not true that the temperature of the terrestrial strata may be 
attributed solely to the action of the solar rays. 

This being established, the increase of heat which is obseri-ed in all • 
climates when we penetrate into the interior of the globe is the mani- 
fest indication of an intrinsic beitt. The earth, as Descartes and Leit>- 
nitz maintained it to be, but without being able to support their asser- 
tions by any demonstrative reasoniug,->— thanks to a combination of the 
observations of physical inquirers with the analytical calculations of 
Fourier,.^— is an incrusted sun, the high teidperature of which may be 
boldly invoked every time that the explanation of ancient geological 
phenomena will require it. 

After having established that there is in our earth an iulioront heat — 
a beat the source of which is uot the suu, and which, if we may judge 
of it by the rapid increase which observation indicates, ought to be 
already sufiQciently intense at the depth of only seven or eight leagues 
to hold in fusion all known substances — there arises tlie question, what 
Is its previse value at the surface of the earth ; what weight are ve to 
attach to it iu the determination of terrestrial temperatures ; what part 
does it play in the phenomena of life t 

According to Mairan, Buffon, and Bailly, this part is immense. For 
France, they estimate the heat which escapes from the iuterior of the 
earth at twenty-nine times insummer, and four hundred times in winter, 
the heat which comes to us from the sun. Thus, contrary to general 
opinion, the heat of the body which illuminates ns would form only a 
very small part of that whose propitious inflnence we feel. 

This idea was developed with ability and great eloquence in the 
Memoirs of the Academy, in the Epoqueg sur la Nature of Buffon, in the 
letters from Bailly to Voltaire upon the Origino/tke Sciences and upon the 
Atlantide. But the ingenious romance to which it has served as a base 
has vanished like a shadow before the torch of mathematical science. 

Fourier having discovered that the excess of the aggregate temper- 
ature of the earth's surface above that which would result from the sole 
action of the solar rays has a determinate relation to the increase of 
temperature at different depths, succeeded in deducing from the exper- 
imental value of this increase a numerical determination of the excess 
in question. This excess is the thermometric effect which the solar heat 
produces at the surface. Now, instead of the large numbwsadonded by 
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Marian, Baillf , and BnffoD, wbat has oar colleague found t A thirtieth 
of a degree; not more. 

The surface of the eartih, which originally van perhaps iacaDdescent, 
has cooled then in the course of ages so as hardly to preserve any 
sensible trace of its primitive heat. However, at gresA depths, the 
original beat is still enormous. Time will alter sensibly the internal 
temperatore ; bat at the surface (and the phenomena of the surface can 
alone modify or compromise the existence of living beings) all the 
changes are almost accomplished. The f^ghtful freezing of th^ earth, 
the epoch of which Baffon fixed at the instant when the central heat 
woald be totally dissipated, is then a pure dream. At the surface, the 
eart^h is no longer impregnated except by the solar heat So long as 
the Ban shall continue to preserve the same brightness, mankind will 
find, from pole to pole, under each latitude, the climates which have 
permitted them to live and to establish their residence. These, gentle- 
men, are great, magnificent results. While recording them in the annals 
of science, historians will not neglect to draw attention to this singular 
peculiarity— that the geometer, to whom we owe the first certain demon- 
stration of the existence of a heat independent of a solar iuflaence in 
the interior of the earih, has annihilated the immense part which this 
primitive beat was made to play in the explanation of the phenomena 
of terresttal temperature. 

Besides divesting the theory of climates of an error which occupied a 
prominent place in science, supported as it was by the imposing authority 
of Marian, of Bailly, and of Buffon, Fourier is entitled to the merit of 
a still more striking achievement ; be has introduced into this theory 
a consideration which hitherto hail been totally neglected; he has 
pointed out the indueoce exercised by the temperature of the eeleitial 
regiona, amid which the earth describes its immense orb around the sun. 

When we perceive, even under the equator, certain mountains covered 
with eternal snow, upon observing the rapid diminution of temperature 
which the strata of the atmosphere undergo during ascents in balloons, 
meteorologists have supposed that, iu the regions wherein the extreme 
rari^ of the air will always exclude the presence of mankind, and that 
especially beyond the limits of the atmosphere, there ought to prevail a 
prodigious intensity of cold. It was not merely by hundreds, it was by 
thousands of degrees, that they had arbitrarily measured it. But, as 
usual, the imagination (eettefolie de la maiaon) had exceeded all reason- 
able limits. The hundreds, the tens of thousands of degrees, have 
dwindled down, after the rigorous researches of Fourier, to fifty or sixty 
degrees only. Fifty to sixty degrees beneath zero, such is the temper- 
ature which the radiation of heat &om the stars has established in the 
regions farrowed indefinitely by the planets of our system. 

You recollect, gentlemen, with what delight Fourier used to converse 
upon this subject. Yon know well that he thought himself -sure of 
having assigned the temperature of space within eight or ten degrees. 
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By what fatality has it happened that the memoir, wherein, no doubt, 
our colleagne hod recorded all the elements of that important determi- 
nation, is not to be fonnd 1 May that irreparable loss prove at least to 
so many observers that, instead of pursuing obstinately an ideal perfec- 
tion, which it is not allotted to man to attain, tbey will act widely in 
placing the public, as soon aa possible, in the confidence of their laborst 

I should have yet a long course to pursue if, after having pointed out 
some of those problems of which the condition of science enabled our 
learned colleague to give nomerical solutions, I were to analyze all those 
which, still enveloped iu general formube, await merely the data of 
experience to assame a place among the most carious acquisitions of 
modern physios. Time, whjch is not at my disposal, precludes me 
from dwdUng upon such developments. I should be guilty, however, 
of an unpardonable omission if I did not state that, among the formula 
of Fourier, there is one which serves to assign the value of the secular 
cooling of the earth, and in which there is involved the number of cea- 
turies which have elapsed since the origin of this cooling. The question 
of the antiquity of the earth, including even the period of incandescencef 
which has been so keenly discussed, is thus reduced to a thermometric 
determination. Unfortunately this point of theory is subject to serious 
difiSculties. Besides, the thermometric determination, iu consequence 
of its excessive smallness, must be reswved for future ages. 

I have just exhibited to you the scientific fruits of the leisure hours 
of the prefect of I'ls^re. Fourier still occupied this sitoation when 
Napoleon arrived at Cannes. His conduct during this grave conjuncture 
has been the object of a hundred false rumors. I shall then discharge 
a duty by establishing the facts in all their truth, according to what I 
have heard from our colleague's own mouth. 

Upon the news of the Emperor having disembarked, the principal 
authorities of Grenoble assembled at the residence of the prefect. 
There each individual explained ably, but especially, said Fourier, with 
much detail, the difficulties which he perceived. As regards the means 
of vanquishing them, the authorities seemed to be much less inventive. 
Confidence in administrative eloquence was uotyet worn out at that 
epoch ; it was resolved accordingly to have recourse to proclamations. 
The commanding officer and the prefect presented each a project The 
assembly was discnssing minutely the terms of them, when an officer of 
the gensdarmes, an old soldier of the imperial armies, exclaimed rudely, 
" Gentlemen, be quick, otherwise all deliberation will become useless. 
Believe me, I speak from experience ; Napoleon always follows very 
closely the couriers who announce his arrival." Napoleon was iu fact 
close at band. After a short moment of hesitation, two companies of 
Bitppers, which had been dispatched to cut down a bridge, joined their 
former commander. A battalion of infantry soon followed their example. 
Finally, upon the very glacis of the fortress, in presence of the numerous 
population which crowned the ramparts, the fifth regiment of the li^e to 
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a man aasnmod the tricolor cockade, snbstitnted for tbe white flag the 
eagle — witness of twenty battles — which it had preserved, and departed 
with shouts of Five I'Empereur I After such a commencement, to 
attempt to hold the coaotr; would have been an act of folly. General 
Harchand caused accordingly the gates of the city to he shut. He still 
hoped, notwithstanding the evidently hostile disposition of the inhah- 
itauta, to sustain s siege with the sole assistance of the third regiment 
of engineers, the fourth regiment of artillery, and some weak detach- 
ments of infantry which had not abandoned him. 

From that moment, the civil authority had disappeared. Fourier 
thought then that he might quit Grenoble, and repair to Lyons, where 
the princes had assembled together. At the second restoration, this 
departure was imputed to hiut as a crime. He was very near being 
brought before a court of assizes, or even a provost's court. Certain 
personages pretended that the presence of the prefect of tbe chief place 
ofVlsere might baveconjared tbe storm; that the resistance might have 
been more animated, better arranged. People forgot that nowhere, and 
at Qreuoble even less than anywhere else, was it possible to organize 
ereo a pretext of resistance. Let us see then, fiually, how this martial 
city — the fall of which Fourier might have prevented by his mere pres- 
ence — let us see bow it was taken. It is eight o'clock in the evening. 
The inhabitants and the soldiers garrison the ramparts. Kapoleou pre- 
cedes his little troop by some steps ; he advances even to the gate ; he 
knocks, (be n ot alarmed, gentlemen, it is not a battle which I am about 
to describe,) ke knocka with kia anuff-box! " Who is theref" cried the officer 
of the guard. " It is the Emperor t Open ! " " Sire, my duty forbids 
me." "Open, I tell you; I have no time to lose." "But, sire, even 
though I should open to yon, I could not. The keys are in tbe posses- 
sion of General Marchand." " Go, then, and fetch them." " I am cer- 
tain that he will refuse them to me." " If the general refuse them, tell 
kirn that I will dismiss kirn." 

These words petrified the soldiers. During the previous two days, 
hundreds of proclamations designated Bonaparte as a wild beast which ' 
it was necessary to seize without scruple ; they ordered everybody to run 
away from him, and yet this man threatened the general with depriva- 
tion of his command I The single word dismissal effaced the faint line of 
demarkatiou which separated for an instant the old soldiers from the 
young recruits ; one word established the whole garrison in the interest 
of the Emperor. 

The circumstances of the capture of Grenoble were uot yet known 
when Fourier arrived at Lyons. He brought thither the news of the 
rapid advance of Napoleon ; that of the revolt of two companies of sappers, 
of a regiment of infantry, and of the regiment commanded by Lab^- 
doy^re. Moreover, he was a witness of the lively sympathy which the 
country people along the whole route displayed in tuvot of the pro- 
scribed exile of Elba. .-. , 
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The Connt d'Artois gave a very cold reception to the prefect and Ub 
commaDicatioDS. He declared tbat the arrival of Napoleon at Grenoble 
vias impossible ; that no alarm need be apprehended respecting the dis- 
position of the country people. "As regards the Cacts," said he to 
Fourier, " which would seem to have occurred in your presence at the 
very gates of the city, with respect to the tricolored cockades sabstl- 
tnted for the cockade of Henry IV, with respect to the eagles which you 
say have replaced the white flag, I do not suspect yonr good faith, but 
the uneasy state of your mind must have dazzled your eyes. Prefect, 
return then without delay to Grenoble; you will answer for the city 
with your head." ' 

Ton see, gentlemen, after having so loug proclaimed the necessity of 
telling the truth to princes, moralists will act wisely by inviting princes 
to be good enough to listen to its language. 

Fourier obeyed the order which had just been given him; The wheels 
of his carriage had made only a few revolutions in the direction of 
Greuohle, when he was arrested by hussars and conducted to the head- 
quarters at Bonrgoin. The Emperor, who was engaged in examining a 
large chart with a pair of compasses, said upon seeing him enter, "Well, 
prefect, yon also have declared war against mel" " Sire, my oath of 
allegiance made it my duty to do so I" "A duty you say t and do you 
not see that in Daupbiny nobody is of the same mind 1 Do not imagine, 
however, that your plan of the campaign will frighten me mnch. It 
only grieved me to see among my enemies an Egyptian, a man who had 
eaten along with me the bread of the bivouac, an old iViend !" 

It is painful to add that to those kind words succeeded these also: 
" How, moreover, could you have forgotten. Monsieur Fourier, that I 
have made you what you are I" 

You will regret with me, gentlemen, that a timidity, which circum- 
stances would otherwise easily explain, should have prevented our col- 
league from at once emphatically protesting against this confusion, 
which the powerful of the earth are constantly endeavoring to estab- 
lish between the perishable bounties of which they are the dispensers 
and the noble fruits of thought. Fonrier was prefect and baron by the 
favor of the Emperor; he was one of tbe glories of France by his own 
genius. 1*41 • 

Qn_the^9Ul-Qf March, Napoleon, in a moment of anger, ordfirejlJ'onr- 
ier, b y a mandate, datedTTTrurGreno^e, Wqtiit th$ tarriiary of the, ?«j- 
enth miliary division within five days, under pain of being arrested and 
treated as an enemj/ of the country I On the following day our colleague 
departed from the conference of Bourgoin, with the appointment of pre- 
fect of the Bhone and the title of coMnf,for the Emperor after his return 
from Elba waa again at his old practices. 

These uuexpected proofs of favor and confidence afforded little pleas- 
ure to our colleague, but he dared not refuse them, although be per- 
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ceived very distinctly the immense gravity of the events in which he 
wa8 led liy the vicisaitode of fortune to play a part. 

" What do you thiuk of my enterprise!" said the Emperor to him on 
the day of his departure from Lyons. " Sire," replied Fourier, " I am 
of opinion that you will fiiil, Let but a fanatic meet you on your way, 
and all i.s at au end." " Bah I" esclaimed Napoleon, " tUe Bonrbons 
have nobody ou their side, not even a fanatic. In connection with this 
circumstaocc, you have read in. the journals that they have excluded 
me from the protection of the law. I shall be more indulgent on my 
part; I shall content myself with esclnding them from the Tuileries." 
-J Eo urier held tbe .a p jiointinent of prefect of the Rhone only till the 
lo Int. nf May. It hasbeen allegeiTttiiiriie was recalled, because he refused 
to be accessory to the deeds of terrorism which the minister of the hun- 
dred days enjoined him to execute. The Academy will always be 
pleased whea I collect together and place ou record actions which, 
while honoring its members, throw new luster around the entire body. 
I even feel that in snch a case I may be disposed to be somewhat cred- 
nloos. On the present occasion, it was imperatively necessary to insti- 
tute a most rigorous examination. If Fourier honored himself by 
refusing to obey certain orders, what are we to think of the minister of 
the interior from whom those orders emanated? Now, this minister, it 
must not be forgotten, was also an Academician, illustrious by his mil- 
itary services, distinguished by his mathematical works, esteemed and 
cherished by all his colleagues. Well, 1 declare, gentlemen, with a sat 
isfaction which you will all share, that a most serapulons investigation 
of all the acts of the hundred days has not disclosed a trace of any- 
thing which might detract from the feelings of admiration with which 
the memory of Camot is associated in your minds. 

Upon quitting the prefecture of the Rhone, Fourier repaired to Paris. ' 
The Emperor, who was then upon the eve of setting out to join the 
army, perceiving him amid the crowd at the Tuileries, accosted him in 
a friendly manner, informed him that Carnot would explain to him why 
his displacemeut at Lyons had become indispensable, and promised to 
attend to his interest as soon as military affairs would allow him some 
leisure time. The second restoration found Fourier in the capital with- 
out employment, and justly anxious with respect to the future. He, 
who, during a period of fifteen years, administered the affairs of a great 
department ; who directed works of such an expensive nature ; who, in 
the affair of the marshes of Bourgoin, had to contract engagements for 
BO many millions, with private indiiiduals, with the communes, and with 
public companies, had not twenty thousand francs in his '^sae.ssion. This 
honorable poverty, as well as the recollection of glorious and important 
services, was little calculated to make an impr^sion upon ministers influ- 
enced by political passion, and subject to the capricious interference of 
foreigners. A demand for a pension was accordingly repelled with 
mdoiesB. Be reassured, however, France will not have to blush for 
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having left in poverty one of lier principal ornameate. The prefect of 
Paris — I have committed a mistake, gentlemen; a proper name will not 
be out of place here^-M. Chabrol, learns that his' old professor at the 
Polytechnic School, that the perpetual secretary of the Institute of 
Sgypti that the author of the TIteorie Anali/tique de la Oialeur, was 
reduced, in order to obtain the means of living, to give private lessons 
at the residences of his pupils. The idea of this revolts him. He ac- 
cordingly shows himself deaf t« the clamors of party, and Fourier 
receives from him the superior direction of the Bureau de la Statistique 
of the Seine, with a salary of 6,000 franca. It has appeared to me, 
gentlcmeu, that I ought not to suppress these details. Science may show 
herself grateful toward all those who give her sapport and protection, 
when there is some danger in doing so, without fearing that the burden 
should ever become too heavy. 

Fourier re^i>onded worthily to the confidence reposed in him by M. de 
Chabrol. The memoirs with which he enriched the interesting volumes 
published by the prefecture of the Seine, will serve henceforth as a guide 
to all those who have the good sense to see in statistics something else 
than an indigestible mass of figures and tables. 

The Academy of Sciences seized the first oecasiou which offered itself 
to attach Fourier to its interests. On the 27th of M ay, 1816, he was 
nominated a free Academician . This election was not confirmed! TGe" 
solicitations and influence of the Dauphin, whom circumstances detained 
at Paris, had almost disarmed the authorities, when a courtier exclaimed 
that an amnesty was to be granted to the civil Labidoyere!* This 
word — for during many ages past the poor human race has been gov- 
erned by words— decided the fate of our colleague. Thanks to political 
intrigue, the ministers of Louis XVIII decided that one of the most 
learned men of France should not belong to the Academy ; that a citizen 
who enjoyed the friendship of all the most distinguished persons in the 
metropolis should be publicly stricken with disapprobation! 

In our country the reigu of absurdity does not last long. Accordingly 
inl817,j Ehfn t he Academy , without being discouraged by the ill success 
ot its llrst attempt, unanimously nominated Fou^r_i_er.tg,iiifi_placajvliich 
bad just been vacant In the sectioiTofpTiy^cs, the royal confirmation 
was accorded without~3ifficulty. I ought to add that soon afterward 
the ruling authorities, whose repugnances were entirely dissipated, 
frankly and unreser^-edly applauded the happy choice which you made 
of the learned geometer to replace Delambre as per petual secretary . 
They even went so far as to offer him the directorship ot the line arts ; bat 
onr colleague had the good sense to refiise the appointment. 

TJi>on the death of L^moutey, the French Academy, where Laplace 
and Cuvier already represented the sciences, called also Fourier into its 
bosom. The literary titles of the most eloquent of the writers connected 

'In alluaion to the nllifarjf traitor, Colonel Labtidoy^re, who woe candemned to death 
fbr eepoDsiDg th« cause of Napoleon. — Trakslator. 
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with the work on Egypt were incootestaMe ; they even were not con- 
tested, and still this nomination excited violent discossions in the joai- 
nals, which profoundly grieved oar coUeagne. And yet, after all, was it 
not a fit subject for discnssion, whether these doable nominations are 
of any real utility 1 Might it not be maintained, witboat incurring the 
reproach of i>aradox, that it extinguishes in youth an emulation which 
we are bonnd by every consideration to enconraget Besides, with 
doable, triple, aud guadrnpte Academicians, what would eventually 
become of the justly boasted unity of the Institute t Without insisting 
further on these remarks, the justness of which yon will admit if I mis- 
take not, I hasten to repeat that the academic titles of Fourier did not 
form even the subject of a doubt. The applause which was lavished 
upon the eloquent 4loge» of Delambre, of Br^guet, of Obarles, and of 
Herschel, would sufficiently evince that, if tbeir author had not been 
already one of the most distinguished members of the Academy of Sci- 
ences, the public would have invited him to assume a place among the 
judges of French literature. 

Bestored at length, after so many vicissitudes, t« his favorite'pursuits, 
Fourier passed the last years of his life in retirement and in the dis- 
charge of academic duties. To converse had become the half of his ex- 
istence. Those who have been disposed to consider this the subject of 
just reproach have, no doubt, forgotten that constant reflection is no 
less imperiously forbidden to man than the abuse of physical powers. 
Bepose, in everything, recruits our frail machine ; but, gentlemen, he 
who desires repose may not obtain it. Interrogate your own recollec- " 
tions and say if, when yon are pursuing a new truth, a walk, the in- 
tercourse of society, or even sleep, have the privilege of distracting yon 
from the objects of yonr thoughts t The extremely shattered stale of 
Fourier's health eiyoiued the most careful attention. After many attem pts, 
be fonod only one means of escaping from the contentions of mind which 
exhausted htm : this consisted in speaking aloud upon the events of his 
life; npon his scientific labors, which were either in course of being 
planned, or which were already terminated ; upon the acte of ipjustice 
of which he had reason to complain. Every person most have remarked 
how insignificant was the state which our gifted colleague assigned to 
those who were in the habit of conversing with him } we are now ac-' 
qnainted with the cause of tliis. 

Fourier had preserved, in old age, the grace, the urbanity, the varied 
knowledge which, a quarter of a century previously, had imparted so 
great a charm to his lectures at the Polytechnic School. There was a 
pleasure in hearing him relate the anecdote which the listener already 
knew by heart, even the eventa in which the individual had taken a 
direct part. I happened to be a witness of the kiod of faacination which 
he exercised upon bis audience, ill connection with an incident which 
deserves to bo known, for it will prove that the word which I have Jnst 
employed is not in anywise ext^^gerated. 
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We found ourselves seated at the same table. The gaest from whom 
I separated bim was an old officer. OuTcolleagnewas informed of this, 
and tlie question "Hare jou been in Egypt 1" serred as a commence- 
ment of a con versation between them. The reply was in the affirmatiTe. 
Fourier hastened to add : "As regards myself, I remained io that mag- 
nificent country until tbe period of its complete evacuation. Althouf^h 
foreign to the profes^ou of arms, I have, in the midst of oar soldiers, 
fired agaiust the insurgents of Cairo; I have had the honor of hearing 
the cannon of Heliopolis." Hence to give an account of the battle was 
but a step. This step was soon made, and we were presented with fonr 
battalious drawn np in squares in tbe plain of Qaoubb^h, and maneuver- 
ing, with admirable precision, conformably to tbe orders of the illastrioas 
geometer. My neighbor, with attentive ear, with immovable eyes, and 
with outstretched neck, listened to this recital with the liveliest inter- 
est. He did not lose a single syllable of it ; one would hare sworn that 
be had for the first time heard of those Boemorable events. Oeotlemen, 
it is so delightful a task to please 1 After having remarked the effect 
which he produced, Fourier reverted, with still greater detail, to the 
principal fight of those great days : to the capture of the fortified vil- 
lage of Mattaryeb, to the [Kissage of two feeble colnmns of French 
grenadiers across ditches heaped up with the dead and wonnded of tbe 
Ottoman army. " Qenerals, ancient and modem, have sometimes spoken ' 
of similar deeds of prowess," exclaimed our colleagae, "but it was in 
the hyperbolic style of the balletin; here the fact is mat^ally trne — 
it is true like geometry. I feel consciooa, however," adde<l be, " that 
in order to induce you to believe it, all my assurances will not be more 
than sufficient." 

" Do not be anxious upon this point," replied the officer, who at that 
moment seemed to awaken from a long dream. '• In case of necessity, 
I might guarantee the accuracy of your statement. It was I who, at 
the head of the grenadiers of the 13th and 85th semi-brigades, forced 
the entrenchments of Mattaryeh, by passing over tbe dead bodies of 
the janissaries." 

My neightwr was General Tarayre. Yon may imagine nrach better 
than I can express, the effect of tbe few words which had jnst escaped 
from him. Fonrier made a thousand excuses, while I reflected npon 
the seductive influence, upon the power of language, which for more 
than half an hour had robbed the celebrated general even of the recol- 
lection of the part which he had played in the battle of giants he was 
listening to. 

The more our secretary had occasion to converse the greater repug- 
nance he experienced to verbal discussions. Fonrier cut short every 
debate as soon as there presented itself a somewhat marked difference 
of opinion, otdy to resume afterward the same subject upon tbe modest 
pretext of making a small step in advance each time. Some one asked 
Fontaine, a celebrated geometer of this Academy, how be occupied his 
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tboQghts in society, wherein be maintained an almost absolute silence.' 
" I observe," he replied, " the vanity of mankind, to wound it as occa- 
sion offers." If, like his predecessor, Fourier also studied the baser pas- 
sions which contend for honors, riches, and power, it was not in order 
to engage in hostilities with them; resolved never to compromise matters 
with them, he yet so calculated his movements beforehand as not to 
fiud himself in their way. We perceive a wide difference between this 
disposition and the ardent, inipetnous character of the young orator of the 
popular society of Auxerre. But what purpose would philosophy serve, 
if it did not teach us to conquer our passions f It is not that occasion- 
ally the natural disposition of Fourier did not display itself in full relief. 
"It is strange," said one day a certain very influential personage of the 
court of Charles X, whom Fourier's servant would not allow to pass 
beyond the antechamber of our colleague, " it is truly strange that 
your master shonld be more difficult of access than a miuisterl" Fon- 
rier beard the conversation, leaped out of his bed to which he was con- 
fined by indisposition, opened the door of the chamber, and exclaimed, 
&ce to face with the courtier, "Joseph, tell Monsieur, that if I was 
minister, I should receive everybody, because it would be my duty to do 
so ; bat being a private individual, I receive whomsoever I please, and 
at what hour soever I please! " Disconcerted by the liveliuess of the 
retort, the great seignior did not utter one word in reply. We must 
even believe that from that moment he resolved not to visit any but 
ministers, for the plain man of science heard nothing more of him. 

Fourier was Endowed with a constitution which held forth a promise 
of long life ; bnt what can natural advantages avail against the anti- 
hygienic habits which men arbitrarily acquire 1 In order to guard 
agaitist slight attacks of rheumatism, our colleague was in the habit of 
clothing himself, even in the hottest season of the year, after a fashion 
which is not practiced even by travelers condemned to spend the winter 
amid the snows of the polar regions. " One would suppose me to be 
corpulent," he used to say occasionally with a smile; " be assured, how- 
ever, that there is much to deduct from this opinion. If, after the 
example of the Egyptian mummies, I was subjected to the operation of 
disembowelment, — from which heaven pi:eserve me, — the residue would 
be found to be a, very slender body." I might add, selecting also my 
ctHnparison from the banks of the Nile, that in the apartments of Fou- 
rier, which were always of small extent and intensely heated, even in 
Bummer, the currents of air to which one was exposed resembled some- 
times the terrible simoon, that burning wind of the desert, which the 
caravans dread as mncb as the plague. 

The prescriptions of medicine which, in the month of M. Larrey, were 
blended with the anxieties of a long and constant friendship, failed to 
induce a modification of this mortal rigime. Fourier had already expe- 
rienced, in Egypt and tirenoble, some attacks of aneurism of the heart. 
At Paris it was impossible to be mistaken with respect to the primary 
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canse of the fi^quent snflfocations whict he experienced. A fall, bow- 
ever, which he sustained od the 4th of May, 1830, while descending a" ' 

"flight of staira, aggravated the malady to ah extent beyond what could 
liave been ever feared. Oar colleagne, uothwithtttandiug pressing sol- 
icitations, peraisted in refusing to combat tbe most threatening symp- 
toms, except by the aid of patience and a high temperature. Oij^the 
IGth of Ma3^t. l.830, about four o'clock in tb e evening , Fourier experienced 
in his Btudya violent crrst5,'the serious nature ol which he was far from 
being sensible of; for, having thrown himself completely dressed npon 
hia bed, he requested M. Petit, a yonug doctor of bis acquaintance, who 
carefully attended him, not to go far away, in order, said be, that we 
may presently converse together. But to these words succeeded soon 
the cries, " Quick, quick, some vinegar ; I am fainting I '^ and one 
of the men of science, who haS shed the brightest luster upon the Aca- 
demy, had ceased t o live . 

Gentlemen, this cniet event is too recent that I should recall here tbe 
grief which the Institute experienced upon losing one of its moat 
important members -, and those obsequies, on the occasion of which so 
many persons, usually divided by interests and opinions, united together 
in one common feeling of admiiBtion and regret, around the morial 
remains of Fourier ; and tbe Polytechnic School swelling in a mass the 
cortege, in order to render homage to one of its earliest, of its most 
celebrated professors ; and the words which on the brink of the tomb 

' depicted so eloquently the profound mathematician, the-elegant writer, 
the upright administrator, tbe good citizen, tbe devoted &ieud. We 
shall merely state that Fourier belonged to all the great learned societies 
of tbe world, that they united with the most touching unanimity in tbe 
mourning of the Academy, in the mourning of all France : a striking 
testimony that tbe republic of letters is no longer, in the present day, 
merely a vain name. What, then, was wanting to the memory of our 
colleague t A more able successor than I have been, to exhibit in full 
relief the different phases of a life so varied, so laborious, so gloriously 
interlaced with the greatest events of tbe most memorable epochs of 
our history. Fortunately, the scientific discoveries of the illustrious 
secretary had nothing to dread fiom the incompetency of the i>anegy- 
rist. My object will have been completely attained if, notwithstanding 
the imperfection of my sketches, each of yon will have learned that the 
progress of general physics, of terrestrial physics, and of geology wilt 
daily multiply the fertile applications of the Tkiorie Analytique de la 
Ckaleur, and that this work will transmit tbe name of Fourier down to 
tbe remotest posterity. 
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ByWiixiamOdling, M.B., P.R.S., 

IVierian Pn/ttmr ef Cliemitlni, K. L 

Tbe simple story of Mr. OrahaDi's life, though not without its measure 
of ioterest, and certainly iiot without its lessous, is referred to in the 
following pages only in illustration of the grander story of bis work. 
Thomatt Gniham was born in Glasgow, on the 2l8t Deceinlwr, 1S05. He 
entered as a student at tlie Uuiversity of Glasgow, in 1819, with a view 
to becoming ultimately a minister of tbe Established Church of Scot- 
land. At that time tbe uuiversity cbair of chemistry was filled by Dr. 
Thomas Tbomson, a man of very cousiderable mark, and one of the 
most erudite and thoughtful clieniists of his day. The chair of natural 
l^iilasopby was also tilled by a man of much learning. Dr. Meiklebam, 
who appears to bave takeu a warm personal interest in the progress of 
his since distinguislied pupil. Under these masters, Mr. Graham ac- 
quired a strong liking for experimental scieuce, and a dislike to the 
profession chosen for bim by bis father ; who, for a time at least, seems 
to have exerted the authority of a parent somewhat harshly, but quito 
nnavailingly, to effect tbe fulfillment of his own earnest wishes iu the 
matter. 

After taking bis degree of master of arts at Glasgow, in 1S26, Mr, 
Graham worked for nearly two years in tbe laboratory of the University 
of Ediouurgh, under Dr. Hope. Ho then returned to Glasgow; and, 
while supporting himself by teaching, at first mathematics and after- 
ward chemistry, yet found time to follow up the path of experimental 
inquiry, on which he bad already entered. 

His first original paper appeared in the Anuals of Philosophy for 
1826, its author being at that time in his twenty-first year. It is inter- 
esting to note that the subject of this communication, " On the absorp- 
tion of gases by liquids," forms part and pared of that large subject of 
Bpontaiieons gas-movement with which fiir, Graham's name is now so 
inseparably associated; and tbatjinapapercommuuicated tothe fioyal 
Society just forty years later, he speaks of the liquefiability of gases by 
chemical means, in language almost identical with that nsed in this ear- 
liest of bis published memoirs. 

Having, iu tbe interval, contributed several other papers to the scien* 

tific journals, in the year 1829 he published in tbe Quarterly Journal 

of Science— the journal,- that is to say, of the Eoyal Institution — tbe 

first of bis papers relating specifically to the subject of gas-diffusion. It 

•From the proceediDga i>f tlie Boyal Inalitution, London, ("^(-.(-.(jlf. 
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was cDtitltd " A Bbort account of osperimental researches on tbe diffu- 
BiOQ of giises through each other, and their separation by mechauical 
meaus." lu tbe same year, he became lecturer ou chemistry at the 
Mechaoics' Institnte, Glasgow ; and in the next year, 1830, achieved 
the yet more decisive step of being appointed professor of chemistry at 
the Andersonian University. By this appointment he was relieved from 
anxiety on the score of living, and afforded, in a modest way, the means 
of carrying out his experimental work. 

In 1831 ho read, before the Royal Society of Edinburgh, a paper " On 
the law of the diffnsiou of gases," for which the Eeith prize of the society 
was shortly afterwanl awarded bim. Although several of his earlier 
papers, and especially that " On the di&'usiou of gases," published in 
the Quarterly Journal of Science, had given evidence of considerable 
power, it was this paper — in which he established the now well-recog- 
nized law that the velocities of diffusion of different gases are inversely 
as tbe square roots of their specific gravities — that constituted tbe first 
of what may properly be considered his great contributions to the 
progress of chemical science. 

In 1833 be communicated a paper of scarcely less importance, to the 
Boyal Society of London, entitled " Researches on tbe arseniates, phos- 
phates, and modifications of phosphoric acid." It afforded further evi- 
dence of Mr. Graham's quiet, steady power of investigating i>henomeDa, 
and of his skill in interpreting results ; or rather of his skill in setting 
forth the results in all their simplicity, undistorted by the gloss of 
preconceived notions, so as to make them render up their own in- 
terpretation. It is difficult nowadays to realize the independence of 
mind involved in Mr. Graham's simple interpretation of the facts 
presented to him in this research, by the light of the facts themselves, 
irrespective of all traditional modes of viewing them. Their investiga- 
tion let in a flood of light upon tbe chemistry of that day, and formed 
a starting-point from which many of our most recent advances may be 
directly traced. In this paper, Mr, Graham established the existence 
of two new, and, at that time, wholly unanticipated classes of bodies, 
namely, the class of polybasic acids and salts, and the class of so-called 
anbydro acids and salts. Tbe views of Graham on the poljbasicity of 
phosphoric acid were soon afterward applied by Liebig to tartaric 
acid, and by Gerbardt to polybasic acids in general, as we now recog- 
nize them. After a long interval, the idea of polybasieity was next ex- 
tended to radicals and to metals by Williamson and myself successively; 
afterward to alcohols by Wurtz, and to ammonias by Hofmann. The 
notion of aubydro-salts was extended by myself to tbe different classes 
of silicates; by Wurtz to the compounds intermediate between oxide of 
ethylene and glycol ; and by other chemists to many diS'erent series of 
organic bodies. 

Tbe next most important of the researches completed by Mr, Gra- 
ham white at Glasgow was the subject of a paper communicated to the 
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Koyal Society of Edinburgh, in IS33, " On water as a constituent of 
salts," and of a second paper communicated to tbe Boyal Society of 
London, iu 183C, entitled " Inqnirics respecting tlie constitution of salts, 
Ac," for which tatter a royal medal of the society was afterward 
awarded. The subject of hydration had yielded him such a harvest of 
resalts iu the caFse of phosphoric acid, that it was only natural he should 
wish to pursue the inquiry further. Indeed, it i» a curious illustration 
of tbe persisteucy of the man that he never seems to have left out Of 
sight the subjects of bis early labors. Almost all his subsequent 
original work is bnt a development, in different directions, of his youth- 
ful researches on gas-diffusion and water of hydration; and so com- 
pletely did he bridge over the space intervening between these widely 
remote subjects, that, with regard to several of bis later investigations, 
it is ditBcult to say whether they aremostdirectly traceable to his primi- 
tive work on the one subject or on the other. 

In 1837, on tbe death of Dr. Edward Turner, Mr. Graham was ap- 
pointed professor of chemistry at University College, London, then 
caUe<i the University of London. On his acceptance of this appoint- 
ment he began the publication of his well-known Elements of Chem- 
istry, which appeared in parte, at irregular intervals, between 1S37 and 
1841. Elementary works, written for the use of students, have neces- 
sarily much iu common ; but the treatise of Mr. Graham, while giving 
au admirably digested account of the most important individual snb^ ' 
stances, was specially distinguished by the character of the introductory 
chapters, devoted to chemical physics, wherein was set forth one of 
the most original and masterly statements of the flrat principles of chem- 
istry that has ever been placed before the English student. "Tbe 
theory of the voltaic circle" had formed the subject of a paper com- 
municated by Mr. Graham to tbe British Association iu 1839 ; and the 
account of the working of the battery, given in his Elements of Chem- 
istry, and based on the above paper, will long be regarded as a model of 
lucid scientiHc exposition. 

In 1841 the now flourishing Chemical Society of Loudon was founded; 
and though Mr. Graham had been, at that time, hut four years in Lou- 
don, such was the estimation iu which be Mas held by his brother chem- 
ists, that he was unanimously chosen astbe first president of the society. 
Tbe year 1844 is noticeable iu another way. Wollaston and Davy had 
been dead for some years. Faraday's attention had been diverted from 
chemistry to those otber braucties of experimental inquiry in which bis 
highest distinctions were achieved j and, by the death of Dalton in this 
year, Mr. Graham was loft as tbe acknowledged first of English chem- 
ists, as tbe not unworthy successor to the position of Black, Priestley, 
Cavendish, Wollastou, Davy, and Dalton. 

From tbe period of his appointment at University College, in 1837, 
Mr. Graham's time was fully occupied in teaching, in writing, in advising 
on chemical manufactures, in investigating fiscal and otber qaestions for 
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the Government, aud in the itublication of various scientific mea}irEi, 
Eieveral of them possessing a high degree of interest ; but it was not till 
1S4G thut be produced a research of any considerable magnitude. In 
that year he presented to the Royal Society the first part of a paper 
" On the motion of gases," the second partof which he supplied in 1849. 
For this research Mr. Graham was awarded a second royal medal of 
the society in 1850. Tbe preliminary portion of the first part of the 
paper related to an experimental demonstration of the law of the effu- 
sioD of gases, deduced fh>m Torricelli's theorem on the efflux of liquids 
— a demonstration that was achieved by Mr. Graham with much iuge- 
nuity, and without his encountering any formidable difficulty. But tbe 
greater portion of the first part, and whole of tbe second part, of this 
most laborious paper were devoted to an investigation of the velocities 
of transpiration of diftereut gases through capillary tubes, with a view- 
to discover some general law by which their observed transpiration rates 
might be associated with one another. Again and again, with charac- 
teristic pertinacity, Mr. Graham returned to the iovestigation ; but, 
although much valuable information of an entirely novel character was 
acquired — information having an important bearing on his snbseqaeat 
work — the problem itself remained, and yet remains, unsolved, ^'hy, 
for example, under an equal pressure, oxygen gas should pass through a 
capillary tube at a slower rate than any other gas is a matter that still 
• awaits interpretation- 
Near the end of tbe same year, 1840, Mr. Graham communicated, also 
to the Royal Society, a second less laborious, but in tbe no%'elty and 
interest of its results more successful, paper "Oa the diffusion of 
liquids.'^ It was made the Uakerian lecture for 1850, and was supple- 
mented by further observations communicated to the society in 1850 and 
1851. In his iuvestigation of this subject, Mr. Graham applied to liquids 
the exact method of inquiry which he had applied to gases just twenty 
years before, in that earliest of his papers on thesubjectof gas-difFusiou 
published in the Quarterly Journal of Science ; and he succeeded in 
placing the subject of -liquid-diffusion on about the same footing as that 
to which be bad raised the subject of gas-diffnsion prior to the discovery 
of his numerical law. 

In 18.54 Mr. Graham communicated another paper to the Koyal 
Society, " On osmotic force," a subject intimately connected with that 
of bis last previous commuuication. This jiaper was also made tbe 
Bakcrian lecture for the year; but, altogether, tbe conclnsioni; arrived 
at were bardly in proitortion to the veiy great labor expended on the 
inquiry. In the next year. 1855, just five-and-twenty years after bis ap- 
pointment at the Audersonian University, Mr. Graham was made master 
of the mint ; and, as a consequence, resigned his professorship at Uni- 
versity College. During the next five years he published no original 
work. 
Thus, at the beginning of the year 1861, Mr. Graham, then fifty -six 
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years or age, bad produced, in additioa to many Icsa important com- 
tmiDicatioDs, five priucipal niemoira ; tbree of tliem iu tlie liis;lie»t degree 
sticcesjtful ; tUe otUer two letis sncceHsfuI iu proportion to the exiwudi- 
ture of time and labor on tliem, btit, ueverthetess, of great originality 
and value. The u]o»t brilliant ]>eriod, bovrever, of liis scieutific career 
was to come. In tlie year 1861, and between then and his death in 18C0, 
Mr. Graham communicated four elaborate papera to the Boyul Society, 
three of theui far exceeding iu novelty, interetit, and philosophic |>ower 
anything that be had before produced ; and thu other of them, relitting 
to a certain physical eSect of that hydration of compounds, from the 
consideration of which his attention could never wholly be withdrawn. 
This least important pa[>er, "On liquid transpiration in i-elation to 
chemical composition," was communicated to the Hoya) Society in ISCl. 
Of the three greater papers, that " On liquid diftusion applied to anal- 
ysis" was communicated also in 1861. For this paper more especially, 
as well as for his Bakerian lectures "On the diffusion o£ liquids" and 
"On osmotic force," Mr. Griibam receiveii, iu 1862, the Copley medal 
of the Royal Society; and, iu the same year, was also awarded the 
Jecker prize of the Institute of Frauce. Following in quick snccession, 
bis paper "Ou the molecular mobility of gases" was presented to the 
Boyal Society in 18G3; and that "On the absorption and dialytio 
separation of gases by colloid septa," in 18G6. With regard to these 
three great papers, two of them were each snpplemeuted by a communi- 
cation to the Chemical Society; while the third was suppleuieuled by 
four successive notes to the Boyal Society, containing an account of 
further discoveries on the same subject, hardly less remarkable tbau 
Uiose recorded in the original paper. The lust of these supplementary 
notes was communicated on June 10, 18G9, but a few months before the 
death, on September 13, of the indefutigable but physically broken- 
down man. 

In considering Air. Graham as a chemical philosopher and lawgiver, 
we find him characterized by a pertinacity of purpose peculiarly his 
own. Wanting the mora striking qualities by which his immediate pre- 
decessors, Davy, Dalton, and Faraday, were severally distinguished, he 
displayed a positive zeal for tedious quantitative work, and a wonder- 
fnl keen-sighteducss in seizing the points which his iunnmerable deter- 
minations of various kinds, conducted almost incessantly tor a period of 
forty years, successively unfolded. Uiswork itself was essentially that 
of detail, origiual iu conception, simple in execution, laborious by its 
quantity, and brilliant iu the marvelous results to which it led. As 
regards its simplicity of execntiou, scarcely any investigator of recent 
times has been less a friend to the instrument-maker than Mr. Graham. 
While availing himself, with much advantage, of appliances devised by 
Bansen, Poiseuille, Sprengel, and others, all the apparatus introduced 
by himself was of the simplest character, and for the most part of labor- 
atory construction. CooqIc 
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Esaeiitially inductive in his mode of tboagbt, Mr. Graham developed 
his leading idea«, one after anotber, directly from experiment, scarcely, 
if at all, from tbe prevailing ideas of tbe time. As well observed by 
Dr. Angus Smitb, " be seemed to feel bis way by bis work." His records 
of work are asnally, in a manner almost cbaracteriatic, preceded each by 
a stateineut of tbe interpretation or conchision whicb be formed j bnt 
the records themselves are expressed in tbe most unbiased matter-of- 
fact language. Singularly cautious in drawing bis conclusions, he 
auuoiiiices thetn from tbe first with boldness, makiug no attempt to con- 
vince, bnt leaving the reader to adopt them or uot as be pleases. 
Accordingly, ia giving an account of his various researches, Mr. Gra- 
ham rarely, if ever, deals with argument ; but he states snccinctly tbe 
experiments be has made, tbe conclusions he has himself drawn, and 
not unfreqneutly the almost daring si>eculations and generalizations on 
which he has ventured. Some of these sjieculations, on tbe constitution 
of matter, are reproduced in his own words further on. 

Mr. Graham was elected a fellow of the Itoyal Society in 1837 ; cor- 
responding member of tbe Institute of France iu 1847 ; and doctor of 
civil law of Oxford in 1855. 

The remaining pages of this al>stract are devoted to an account of bis 
principal discoveries — tbe generalizations they suggested to him, and 
tbe relations iu which they stood to precedent knowledge. 

I. 

Modijieations of phospltorie aeid.^A.t tbe date of Mr. Graham's inves- 
tigation of this subject, when oxy-saltswere usually represented as com-, 
pounds of anhydrous base with anhydrous acid, tbe point of greatest 
Importance, with reganl to each class of salts, was held to be the ratio 
borne by the oxygen of the base to the oxygen of the acid. Thus, in 
the carbonates, this ratio was as 1 to 2 ; in the sulphates, as 1 to 3 ; and 
in the nitrates, as 1 to 5. But with regard to the phosphates, taking; 
common phosphate of soda as a type of phosphates in general, there 
was a difficulty. Dr. Thomson maintained that, in this salt, the ratio 
of the oxygen of the base to tbe oxygen of tbe acid was as 1 to 2 ; and 
bis view was substantially supported by Sir Humphrey Davy. Berzelins 
contended, however, that the ratio was as 1 to 2^, or, to avoid the use 
effractions, as 2 to 5; but, notwithstanding the excellence of the 
Swedish chemist's proof, and its corroboration by the researches of 
others, the simpler and, as it seemed, more harmonious view of Dr. 
Thomson prevailed very generally in (his country. Anyhow, those 
phosphates in which the oxygen ratio was tbe same as that in phosphate 
of soda were taken as the neutral salts. But phosphate of soda was 
found to have the peculiar and quite inexplicable property of reacting 
with nitrate of silver to throw down, as a yellow precipitate, a phosphate 
of silver, in which tbe proportion of metallic base exceeded that in tbe 
original phosphate of soda — the precipitation of the basic, sa\fL ibeing 
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accompanied coirelatively by the formation of a strongly acid liquid 
According ta Berzelius, the ratio of the oxygen of the base to that of 
the acid, in this yellow precipitate, was as 3 to 5. 

In 18!!l Mitscfaerlich, then working in Berzeliu»'s laboratory, obtained, 
by treating ordinary phosphate of soda with aqueous phosphoric acid, 
a new crystallizable phosphate of soda, in which the ratio of acid to 
base was twice as great as that iu the ordinary pho8pfaat«. This new 
Bait, which had a strongly acid reaction to test paper, he called the bi- 
pbosphat« of sodau He observed that it was a hydrated salt, and tbat 
while the ratio in it of the oxygen of the base to the oxygen of the acid, 
was as 1 to 5, the ratio of the osygea of the base to the oxygen of the 
wat«r was 1 to 2. 

Id 1827 Mr. Graham's fellow-townsman, and predecessor at the Me- 
chanics' Institute, Dr. Clark, discovered another new phosphat« of soda, 
in which the ratio of the oxygen'of the base to the oxygen of the acid 
was identical with that in the ordinary phosphate, namely, as 2 to 5. 
But whereas the onlinary phosphate crystallized with 25 proportions of 
water, the uew phosphate crystallized with only 10 ; and whereas the 
ordinary phosphate gare a yellow precipitate with nitrate of silver and 
a strongly acid supernataut liquid, the uew phosphate gave a chalk- 
white precipitate with nitrate of silver aud a perfectly neutral superna- 
tant liquid. This uew phosphate, being formed by heatuig the common 
phosphate to redness, was accordingly designated the pyrophosphate. 
By dissolution in water and evaporation of the liquid, it could bo ob- 
tained iu the 10-hydrated crystalline state; and by desiccation at a 
sand-bath heat, the crystalline salt could be again rendered anhydrous. 
With regard to the 25 proportious of water belonging to the ordinary 
salt, Dr. Clark noticed that 2i proportious could be driven off by a sand- 
bath heat, and that this moderate heat did not alter the nature of the 
salt. He fonud that the 2i>th proportion of water, however, could only 
be driven off by a full red heat; and that, simultaneously with its ex- 
pnlsion, the change in the nature of the salt was effected. But ho care- 
fully guarded himself against being supposed to think that the change 
iu properties of the salt was consequent upon an elimination of its 
water. The driving off of water fpom salts being, as he justly remarked, 
a common effect of heat, he regarded this effect as a concomitant only 
of the peculiar effect of heat in alteriug the nature of the phosphate. 

Utber anomalies with regard to phosphoric acid and the phosphates 
were also known to chemists; and, on referring now to standard chem- 
ical works written before the year 1833, the whole subject of the phos- 
phates will be seen to be in the greatest confusion. It was iu this year 
that Mr. Graham communicated his paper, entitled "Besearches on the 
arseniates, phosphates, and modifications of phosphoric acid," to the 
Boyal Society." 

Iu the course of these researches he established the existence of a 
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class of soluble sub-pbospbates analogous to the yellow insoluble pbos- 
phate of silver; and he showed, with great clearness, that in the three 
classes of phosphates, namely, the sub-phosphates, the common pbo»- 
phates, and the bi-phosphates, tbe ratio borne to the oxygen of the acid 
by the other oxygen of the salt is the same, namely, as 3 to 5 ; only that, 
in the three classes of salts, the non-acid oxygen is divided between 
different proportions of metallic base aud water, tbas: 

Siib-phoepliHte of Bodu SNnO.POj. 

Common pboephate of mdft H0.2N»O.POs. 

Bi-pbMpbate of eoda 8HO.NaO.POt 

He further poiuted out that, to these three series of salts, there cor- 
responded a definite phosphate of water, or, 

Hfdiated pbosphoricacid SHO.POs. 

Compoands of one and the same anhydrous acid with one aud the 
same anhydrous base, in different prot>ortions, had long been known; 
but it was thus that Mr. Graham first established the notion of poly- 
basic compounds — the notion of a class of hydrated acids having more 
than one proportion of water replaceable by metallic oxide, and that 
successively, so as to furnish more and more basic salts, all preserving, 
as we should now say, tbe same type. 

Mr. G-raham further showed that Dr. Clark's pyrophosphate of soda, 
like the common phosphate, yielded an acid-salt or bi-pbosphate; and 
that these two compounds were related to a hj'drated phosphoric add 
differing in composition and properties from tbe above-mentioned hy- 
drate, and yielding, after neutralization with alkali, a white instead of 
a yellow precipitate with nitrate of silver. This series of compounds 
he expressed by the following formulae : 

Clark's pjrophosphnte nf soda SNaO-FOt. 

Acid or bi-p.vropboBpbate of soda HO.NoO.POi. 

Hyd rated pyrophoapborio acid SHO.POg. 

Lastly, Mr. Graham showed that when the bi-phosphate or bi-pyro- 
phosphate of soda was ignited, there was left a new variety of phos- 
phate, whicb he called the metapbosphate, having tbe same proportions 
of soda and anhydrous phosphoric acid as tbe original com[>onnd, but 
differing from it iu several properties, more particularly in its inability 
to furnish any acid salt. From this new phosphate he obtained tbe cor- 
resjionding hydrated acid, and found it to be identical with that variety 
of phosphoric acid then, and still, known as glacial phosphoric acid, 
which bad previously been noticed to jMSsess the distinctive property 
of causing a precipitate in solutions of albumen. This salt and acid 
he represented as follows : 

Metjipboephate of soda HaO-POs. 

MctiipbOBpborio acid HO.PO*. 

Speaking of the acid obtainable from, and by its neutralization recon- 
verted into, tbe phosphate, pyrophosphate, and metapbosphate of soda 
respectively, Mr.Grabam remarked; "The acid, when septiratedfrom the 
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base, will posseas and retain for some time the characters of its peculiar 
modificatioD. * * * But I snspectthat the modifications of phospborio 
acid, when in what we wonid call a free ntate, are still io combination with 
their nsnal proportion of base, and that that base is water. Thns the 
tliree modifications of phosphoric ev^idence may be composed as follows: 

Phosphoric Mid a HO. P Oh 

Pyrophoaphorio ttoid 2HO.POs. 

Metapbospboric acii^ H O. P0».; 

or they are respectively a tri-phosphate, a bi-pho8i)hate, and phosphate 
of water." These remarks be followed up by analytical evidence, show- 
ing the existence of the three hydrates, each in its isolated state. 

Just as iu his demoDstration of the relationship to one another of 
sub-phosphate of soda, phosphate of soda, bi-phospbate of soda, and 
common phosphoric acid, Mr. Graham originated the notion of polybasic 
coroixiunds, bo, in his demonstration of the nature of the pyrophosphates 
and metaphosphates, as bodies diflering from the normal compounds 
by ao abstraction of water or metallic base, did he originate the notion 
of anhydro-componnds — so did he discover, for the first time, an in- 
stance of that relationship between bodies which is now known to pre- 
vail most extensively among products of organic as well as of mineral 
origin. 

The different properties manifested by phosphoric acid, in its differ- 
ent reputedly isomeric states, having been shown by Mr. Graham to be 
dependent on a difference of hydration; that is to say, on a difierence 
of chemical composition, be was inclined to view the difference of prop- 
erties observed in the case of other reputedly isomeric bodies as being 
also dependent on a difference of composition, the difference occasionally 
consisting in the presence of some minute disregarded impurity. Accord- 
ingly be communicated to the Royal Society of Edinburgh in 1834* a 
paper " On phosphureted hydrogen," in which he showed that the spon- 
taneously infiammable and no n- spontaneously inflammable varieties of 
the gas " are not isomeric bodies, but that the peculiarities of the spon- 
taneously infiammable species depend upon the presence of adventitious 
matter," i-emovable in various ways, and existing but in very minute 
proportion.t He further showed that the vapor of some acid of nitro- 
gen, apparently " nitrous acid, is capable of rendering phosphureted 
hydrogen spontaneously infiammable when present to the extent of one 
ten-thousandth part of the volume of the gas." In connection with this 
research may be mentioned Mr. Graham's earlier experiments on the 
influence of minute impurities in modifying the chemical behavior of 
different substances. In some " Observations on the oxidation of phos- 
phorus," published in the Quarterly Journal of 8cieuce,t for 1829, he 
showed that the presence of ^ of oleflant gas, and even f^, by vol- 

* Edinburgh Royal Society TiaDsactioDa, siji, 183C, p. 88. 

t It WM afterwaid isolated by P. Thonard. 

iqnarterly Journal Soienca, ii, 1889, p. 83, GoO^lc 
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nme, of turpeutiue vapor, id air aoder ordioary preesore, readered it 
incapable of effecting the slow oxidation of pbospliorus. He also ob- 
served and recorded the iuflnenc« upon the oxidation of pliospliorus of 
varioas additions of gas and vapor to air, under different circumstances 
of preSBure and temperature. 

II. 

Hydration of compounds. — In the earliest of Mr. Graham's published 
memoirs, that "On the absorption of gases by liquids,''* lie coutended 
that the dissolution of gases in water, at any rate of the more soluble 
gases, is a chemical phenomenon, depending on their essential property 
of liqueliability being brought into play by their reaction with the sol- 
vent, that is to say by their hydration. The results of some filrther 
work on the same subject he published under the title of " Experiments 
ou the absorption of vapors by liquids.'' t 

In 1827 he gave to the Royal Society of Edinburgh "An account of the 
formation of alcobolates, definite com pounds of salts and alcohol analo- 
gous to the hydrates.^f In this paper, after a description of some ex- 
periments on the desiccation of alcohol, he showed that anhydrous 
chloride of calcium, nitrate of lime, nitrate of magnesia, chloride of zinc, 
and chloride of mangnnese have the property of uniting with alcohol, aa 
with water, to form definite compounds. The crystalline compound with 
choride of zinc, for instance, containing 15 per cent, of alcohol, he rep- 
resented by the formula ZnCI.2 CiH^O; corresponding to the modem 
formula Zn CU.2CjH60. 

In 1835 Mr. Graham communicated a paper, also to the Boyal Society 
of Edinburgh, " On water as a constituent of salt8.''5 In this pajrer he 
showed more particularly that the so-called maguestan sulphates, crys- 
tallizing usually with 7, 6, or 5 pi'oportious of water, gave up all but the 
last proportion of water at a moderate heat, but retaineil this last propor- 
tion with great tenacity. The comparatively stable mono-hydrated salts, 
mono-hydrated sulphate of zinc, for uistance, Zn . 8 O 3 - H O, he re- 
garded as the analogues of crystallizable sulphuric acid H O.SOj.H O. 
He showed fiutber that the firmly retained water of sulphate of zinc, 
for instance, differed from the firmly retained water of phosphate of 
80«la, in not being basic, or replaceable, that is to say, by metallic oxide. 
He conceived, however, that in the double sulphates, putassio^sulpbate 
of zinc, for instance, Zn O.SOa, KO.SOj, the water of the compound, 
ZnO. SOj.HO, was replaced by alkali-sulphate, and he accordingly 
designated the water of this last, and of similar compounds, by the name 
of saline or constitutional water. 

In the following year, 1836, Mr. Graham communicated to the Royal 

"ThoiDBon, AddsIs of Philosopby, zit, 1B36, p. €9. 

tEdinbargb Joaroal of Science, viii, 1326, p. XK. 

tEdinburgb Eujal Societ; TraoaactioiiB, zi, 1837, p. 175. 

f Ibid., xiii, 1836, p. 297. OOQ Ic 
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Society of Loodon an elaborate paper, entitled " luquiries respecting the 
constitDtioD of salts, of oxalates, nitrates, phosphates, 8alphat«s, and 
chlorides."* Jn it are recorded careful analyses of very many salts, 
more particularly in respect to their water of hydration ; with remarks 
upon the greater or less t«Dacity with which the water is retained in 
different instances. In this paper be put forwai'd the notion that truly 
basic salts are nevertheless neutral in constitution ; and that the excess 
of metallic base does not stand in the relation of a base to the anhy- 
drous acid, bat as a representative of the water of hydration of the 
nentral saltv He illustrated this position by a comparison of the defi- 
nite hydrate of nitric acid with other hydrated nitrates, thus: 

Hfdrated nitric acid, sp. gr. 1.42 HO. NOs.SHO. 

Hydrated nitrate of zinc ZnO.NOt.SHO. 

Hydrated nitiate of copper CuO.NOj.SHO. 

Basic nitniMi of copper HO. NOj. 3CiiO. 

He contended that, iu the last cnpric salt, it is the water and not the 
oxide of copper which acts as a base; and, in support of this view, he 
remarked that if the water of the salt were water of hydration simply, 
it onght, in presence of so large an excess of metallic base, to be very 
readily expelled by heat ; whereas it is actually inexpulsable by any 
heat whatever, short of th^t effecticg an entire decomposition of the 
salt. Again,be pointed out that when the strongest nitric acid HO.NOj 
is added, in no matter what excess, to oxido of copper, the basic salt is 
alone produced, apparently by a direct addition of the oxide of copper 
to the nitrate of water. 

In-l»41 Mr. Graham gave to the Chemical Society "An account of 
experiments on the heat disengaged in combination." f These experi- 
ments included numerous determinations of the heat evolved iu the 
hydration of salts, and more particularly of the sulphates, including 
Balphat« of water, or hydrated sulphuric acid. Starting fhjm oil of 
vitriol HO.SO3, he found that each successive addition of a proportion 
of water H O, evolved an additional, but successively smaller and smaller 
increment of heat; and that, even after the addition of fifty propor- 
tions of water to the acid, the further addition of water was yet followed 
by a perceptible development of beat. 

The relation of ether to alcohol being regarded as that of an oxide to 
its hydrate, and expressed by the formnlie CiHgO, and C^HsO.HO, 
the conversion of alcohol into ether became a matter of dehydration ; 
and, accordingly, could not escape the examination of Mr. Graham, 
who, in 1850, presented to the Chemical Society some " Obserii'atious on 
etheritication.''f The process of manufacture consisting in the distil- 
lation of a mixture of alcohol with sulphuric acid, and being attended 
by an intermediate production of sulphate of ether or sulphethylic acid, 
the substitution of ether for the basic water of sulphuric acid at on© 

* PhiloaopbiL'al TrausuclionB, 1837, p. 47. 

t Cbemicul Society MuiuoirH, i, p, 106. , , . 

1 Chemical Society Jouroal, iii, p. 24. n ^s^d by C_iOOQ IC 
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temperature, aud the reverse substitution of water for the basic ether 
of sulphethylic acid at a higher temperature, had been represeut«d as 
depending on the augmented elasticity of the ether vapor at the higher 
temperature. Mr. Graham showed, however, that ether could be very 
readily formed by heating the mixtnru of sulphnric acid and alcohol in 
sealed tubes — that is, under conditions in which the augiDentation of 
volatility due to heat vaa pari passu counterbalanced by the diminutioD 
of volatility due to pressure. Altogether, Mr. Graham supported the 
contact theory of ether formation, as opposed to the then received re- 
action theory; hnt several of his experiments afforded clear, though in* 
deed sui>ererogator}', support to the reaction theory soon afterward in- 
trotluced by Williamson. 

In addition to the memoirs cited above, the question of hydration 
formetl an express or incidental subject of many other of Mr. Graham's 
invest! gatioDS. It is noteworthy that, for him, osmosis became a me- 
chanical effect of the hydration of the septum ; that the interest attach- 
ing to liquid-transpiration was the alteration in rate of passage conse- 
quent on an altered hydration of the liquid ; that the dialytic difference 
between crystalloids and colloids depended on the dehydration of the 
dialytic membrane by the former class of bodies only ; and similarly in 
many other instances. 

III. 

Movements of liquids under pressure. Tran^ration. — That the ve- 
locities with which different liquids, under the same pressure, issue 
froai a hole in tho side or bottom of a vessel should be inversely as 
the square roots of their respective specific gravities is a proposition 
deducible from well-koowu mechanical principles. As demonstrated, 
however, by Dr. Poiseuille, this law is not applicable to the case of 
liquids issuing under pressure through capillary tubes. In addition 
to determining experimentally the laws of the passage of the same 
liquid — that the velocity is directly as the pressure, inversely as the 
length of the capillary, and directly as the foiu-th power of the 
diameter, and that it is accelerated by elevation of temperature — 
Dr. Poiseuille further showed that the nite of passage of different liquids 
through capillary tubes is for the most part a special property of the 
particular liquids ; and that while the rate of passage of water, for 
instance, is scarcely affected by the presence of certain salts in solution, 
it is materially accelerated by the presence of chlorides and nitrates of 
potassium and ammonium, and materially retarded by the presence of 
alkalies. He also showed that while the rate of passage of absolute 
alcohol is much below that of water, the rate of passage of alcohol 
diluted with water in such proportion as to form the hydrate, HeCtO. 
3 Aq, is not ouly much below that of alcohol, but also below that of 
any other mixture of alcohol and water. 

Some time after Dr. Poiseuille's death Mr. Graham, starling fromXhis 
last observation, took up the inquiry. Giving to the phenomenon itself 
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the name ot' " transpiration," which he had previously applied to the 
Biiuilar paRsage of gases through capillary tubes, he commuuieated 
his results to the Itoyal Society iu a paper " Ou liquid transpiratiou 
in relation to chemical compoBition."* The method he followed In bis 
esi>erimeut3 was precisely that of Dr. Foiseuille, and the principal 
results at which he arrived are thefollowing : 

1. That dilution with water does not eftect a pari pa8»w alteration 
in the transpiration velocity of certain liquids ; but that dilution up to a 
certaio point, corresponding to the formation of a definite hydrate, not 
un&equeiitly retards the transpiration velocity (or increases the trans- 
piration time) to a maximum, Irom which the retardation gradually 
diminishes with further dilution. This is well seen in the following 
table, giving the transpiration times of certiiin liquids iu tlieir undi- 
luted state, and also the maximum transpiration times observed with 
the same liquids when diluted with a regularly increasing quantity of 
water, the particular dilution causing the maximum retardation cori'o- 
sponding in every case to the production of a definite hydrate : 



Water HjO 

Sulphnric acid . . H , S O4. . . 

Kitricacid HNOa--- 

Acetic acid H,CjOj.. 

Alcohol HoCjO.. 

Wood-spirit HiCO... 

Acetone H<C>0.. 



Trsnspirot 


on times. 


1.000 


1.000 


21.651 


23.771 


.990 


2.103 


1.280 


a. 704 


1.195 


2.787 


.630 


i.we 


.m 


i.aM 



HiSO^.Aq. 
2HN0.,a Aq. 
HiC,0j.2Aq. 
H,C,0.3Aq. 
HiCO.a Aq. 
H«C,0.6Aq. 



2. That the transpiration times of homologous liquids ii 
ularly with the complexity of the several molecules constituting terms 
of the Rame series — certain first terms of the different series, however, 
presenting some anomalies, as was, indeed, to be expected. The trans- 
piration timesof thefattyetbersaregivenbelowinillustration. Similar 
results were obtained with the series of fiittj' acids and their correspond- 
ing alcohols: 

Water 

fFormic H„CaO, 511 

I Acetic HsCOii 55.t 

Elbets.^ Bntyric H„CoO, 760 

[valeric HhCjO, 8W 

In this paper Mr, Graham also recorded the result.? of two very full 
series of determinations of the transpiration rates of water at difl'ercnt 
temperatures between 0° and 70°, and of two similar series of ex- 
pprimcnts made with alcohol. The tran.'ipiration velocity of water was 
fonnd to increase uniformly from 0.559 at 0° to 1.000 at 20°, and thence 



* PtiilosopUical Trausactioiitt, 1861, p. 373. , CiOOoIc 
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to 2.360 at 700; and correlatively the transpiration times were found to 
decrease in the same proiwrtiou. The resulta obtained with alcohol 
were precisely similai. 

IV. 

Diffusion of liquids, — Mr. Graham's early study of the spontaneous 
movements of gases, so as to mix with one another, naturally led him 
to iuvestigate the similarly ociitirriog movements of liquids. His results 
formed the subject of two papers communicated to the Royal Society, 
one in 1849, "Ou the diffusion of liquids,"* and the other in 1861, "On 
liquid diffusion applied to analysis.'^t In the series of experiments 
described in the first of these papers and in two supplementary com- 
munications an open, wide-mouthed vial, filled with a solution of some 
salt or other substance, was placed in ajar of water; when, in course of 
time, a portion of the dissolved salt, described as the diffusate, passed 
gradually from the vial into the external water. By experimenting in 
this manner, the amounts of diffusate yielded by different substances 
were found to vary greatly. Thus, under precisely the same conditions, 
common salt yielded twice as large a diffusate as Ep»om salt, and this 
latter twice ae large a diffiisate as gum-arabic. Every substance ex- 
amined was in this nay found to bave its own rate of difitisibility in the 
same liquid medium — the rate varying with the nature of the medium — 
whether water or alcohol, for instance. It ia noticeable that the method 
of vial diffusion resorted to iu these experiments is exactly similar to 
that employed by Mr. Graham in his earliest experiments on the diffa- 
sion of gases, published iu the Quarterly Journal of Science for 1829. 

In the series of esperiments recorded in the paper "On liquid diffu- 
sion applied to analysis," the solution of the salt to be diffused, instead 
of being placed in a vial, was conveyed by means of a pipette to the 
bottom of a jar of water; when, in course of time, the dissolved salt 
gradually rose from the bottom, through the superincumbent water, to 
a height or extent proportional to its diffusibility. The results of this 
method of jar-diffusion were found to be^r out generally those attained 
by the method of vial-diffusion ; while they further showed the absolute 
rate or velocity of the diffusive movement. Thus, during a fourteen 
days' aqueous diffusion from 10 per cent, solutions of gum-arabic, 
Epsom salt, and common salt respectively, the gum-arabic rose only 
through -fj of the superincumbent water, or to a height of 55.Q milli- 
meters ; the Epsom salt rose through the whole |} of superiucumbeut 
water, or to a height of 111 millimeters ; and the common salt not only 
rose to the top, but would have risen much higher, seeing that the up- 
permost or fourteenth statum of water, into which it bad diffused, con- 
tained about iifteen times as much salt as was contained in the upper- 
most or fourteenth stratum of water into which the Epsom salt had 
diffused. 

•Philosophical TranaacUons, 1S50, pp. 1,805; IB51, p. 483. 

tibid., 1861, p, 1«3. OOqIc 
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But or all the resolts obtained, the most intereBtiog, ftt>m their bear- 
ing OD Tarions natural phenomena, were those oo the partial separa- 
tion of different compouuda from one another, brought about by their 
unequal diffusibility. Thus, with a solution of equal weights of com- 
mon salt and gum-arabic placed in the diffusion- vial, for every 100 milli- 
grams of salt, not more than 22.6 milligrams of gum were found to 
pass into the external water ; or a separation of the salt from the gum, 
to this large extent, took place spontaneously by the excess of its own 
proper diffusive movement. Again, when a solution, contaiuing 5 
per cent, of common salt and 5 per cent, of Glauber's salt, was sub- 
mitted for seven days to the process of jar-diffusion, the upper half, or 
^ of superincumbent water was found to coutaiu 380 milligrams of 
common salt and only 53 milligrams of Glauber's salt ; or the ratio of 
common salt to Glauber's salt in the upper half of the liquid was as 100 
to 14, the ratio in the original stratum of solution being as 100 to lUO. 
And not only a partial separation of mixed saits, but even a partial 
decomposition of chemical compounds, was found to result from the pro- 
t«fU9of liquid diffusion. Thus the double sulphate of potassium and 
hydrogen, when submitted to diffusion, underwent partial decomposi- 
tion iutothe more diffusible sulphate of hydrogen and the less diffusible 
sulphate of potassium; and, similarly, ordinary alum, a double sulphate 
of aluminum and potassium, underwent partial decomiKjsition into the 
more diffusible sulphate of potassium, and the less diffusible sulphate of 
aluminum. Strictly 8i>eaking, perhaps, the decomposition of the 
original salts was not caused by, but only made evident by, the differ- 
ence in diffusibility of the products. 

As a general result of his ex]teriments, Mr. Graham inferred that 
liquid diffusibility is not associated in any definite way with chemical 
composition or molecular weight. Thus he found the complex organic 
bodies picric acid and sugar to have much the same diffusive rates as 
common salt and Epsom ^It respectively. Isomorphous compounds, 
however, proved for the most part to beequi-diffusivc; although the 
groups of equi-diffusive substances habitually comprehended other than 
tiiose which were isomorphous. 

Observing further that, in many cases, the diffusion-rates of different 
eqni-diffnsive groups stood to one another in some simple numerical 
relation, Mr. Graham remarked that, "In liquid diffusion we no longer 
deal with chemical equivalents or the Daltuaian atoms; but with masses 
even more simply related to each other by weight." We may suppose 
that the chemical atoms "group together in such numbers as to form 
new and larger molecules of equal weights for different substances, 
or • • • of weights which appear to have a simple relation to each 
other;" and he inferred that the relative weights of these new molecules 
'Would be inversely as the square roots of the observed diffusion rates of 
tbe substances — that is inversely as the squares of their diffusion times. 
Thus the squaresof tbe times of equal diffusion of hydrate, nitrate, fuid 



ffjr 



192 PROFESSOB THOMAS GBAHAM's SCIENTIFIC WOBE. 

aolpbate of potassiam being 3, 6, and 13, the densities of tbeir diffusion 
molecules \could be as tbe reciprocals of tbese uambers, oi* as 4, 2, and 1, 
Lastly, in comparing bigbly diffusive substances on tbe one hand, 
vith feebly diffusive substances od the other, one broad dissimilarity 
became appareut, namely, that highly diffusible substances affected the 
crystalline state, while fcebl.v diffusive substances were amorphous, and 
characterized, in particular, by a capability of forming gelatinous 
hydrates. Hence the distinction established by Mr. Graham between 
highly diffusive bodies, or crystalloids, and feebly diffusive bodies, or 
colloids. Compounds capable of existing both in the crystalline aud 
gelatinous states he found to be possessedof two distinct diffusive rates 
correspoiidiug respectively each to each. 



Dialysis and osmose. — The subject of dialysis was included in the paper 
"On liquid diffusion applied to analysis," referred to in tbe preceding 
section; aud some further results were communicated in 18(14 to the 
chemical society, in a paper "On the properties of silicic acid and other 
analogous colloidal substances." * 

In tlie course of his experiments on diffusion, Mr. Graham made the 
curious discovery that highly diffusible crystalloid bodies were able to 
diffuse readily, not only into free water, but also into water that was 
already in a low form of combination, as in the substance of a soft solid, 
such as jelly or membrane. Common salt, for instance, was found to 
diffuse into a semi-solid mass of jelly almostaseasily and as extensively 
as into a similar bulk of freewat^r; but the introduction of a gelatiuons 
Bubstance, though not interfering in any appreciable degree with the 
diffusion of a crystalloid, was found to airest almost entirely tbe diffu- 
sion of a colloid. The colloid, of but little tendency to diffuse int^ free 
water, proved quite incapable of diffusing into water that was already 
in a state of combiuation, however feeble. . Hence, although the partial 
separation of a highly diffusible from a feebly diffusible substance might 
be effected by the process of free diffusion into water, a much better 
result was obtained by allowing the diffusion to take place into, or 
through, tlie combined water of a soft solid such as a piece of membrane 
or parchment- paper. In the process of dialysis, then, crystalloid and 
colloid bodies, existiug in solution together, are separated from one 
another by pouring the mised solution into a shallow tray of niembraue 
or parch meat- paper, and letting the tray rest on tbe surface of a con- 
siderable excess of water, once or twice reneweil. By this means the 
crystalloid, in process of time, diffuses completely away through the 
membranous septum into the free water; but the colloid, being quite 
incapable of permeating the membrane, however thin, is retained com- 
pletely on the tray, unable to reach the free water on the other side. 



' Cbemicnl Society Jounial, xvii, p. 318. 
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' B; neaDS of the process of dialysis, Mr. Graham succeeded in obtain- 
ing Tarions colloid organic sabstaDces, aadi as tanniD, albameD, gam, 
caramel, &e., in a very pare state ; some of them, indeed, in a state of 
purity esceediog any in whi<^ they had before been met with, Bnt the 
most corioas resalts vere obtained with different mineral sabstonces, 
fisnally thrown down from their die^lved salts in the state of gelatin- 
ons or colloid precipitates. Most of these precipitates being soluble in 
some or other crystalloid liqnid, on submitting the so-prodaced solntions 
to dialysis, the crystalloid constitnents diffose away, leaving the colloid 
snbstances in pure aqneoas solution. By proceeding in this manner, 
Mr. Graham was able to obtain certain hydrated forms of silica, ferric 
oxide, alamina, chrome, pmssian-blae, stannic acid, titanic acid, tnngstic 
acid, molybdic acid, &c., &&, in the state of aqaeous solution — these 
bodies having never before been obtained in solution, save in presence 
of strongly acid or alkaline compoouds serving to dissolve them. Alto- 
gether, the production of these colloid solutions of substances, such as 
silica and alamina — in their crystalline state, as qoartz and conmdum, 
completely insoluble— threw an entirely new light upon the conditions of 
aqneoDS solution. 

The colloidal solntions, obtained as above, of substances osnally crys- 
talline, were found to be exceedingly nnstable. Either spontaneously, 
or on the addition of some or other crystalloid reagent, even in very 
minnte qoanttty, tbey pectized or became converted into solid jellies. 
Hence Mr. Graham was led to 8i>eak of two colloidal states ; the peptons 
or dissolved, and the pectoas or gelatinized. In addition to their power 
of gelatinizing, their mutabilitj', their non-crystalline habit, and their 
low diffnsibility, substances in the colloid state were found to be further 
characterized by their chemical inertness and by their high combining 
weights. Thns the saturating power of colloid silica was only about 
^ of that of the ordiuaiy acid. 

In his supplementary paper commnnicated to the Chemical Society, 
Mr. Graham showed bow the pcctous forms of different mineral colloids 
coald, in many cases, be reconverted into their peptons forms. He 
fiirtber showed how the water of different peptous and pectons colloids 
conld be mechanically displaced by other liquids, as alcohol, glycerine, 
eulphnric acid, &c. To the different classes of compounds so formed, 
he gave distinctive names. Thus, the alcoholic solntion and jelly, of 
silicic acid for instance, he designated as the alcosol and alcogel respect- 
ively. 

Closely associated with the passage of different liquids throngfa mem- 
branes ia the action known as eudosmose, discovered by Dutrocbet. 
Mr. Graham's principal results on this subject are recorded in a very ' 
elaborate paper "Ou osmotic force," communicated to the Eoyal Society 
in 1854} * but a few further results and a statement of his final views 
are contained in the paper, referred to immediately above, "On liquid 

■ Philosophical TraDBactioDS, 1854, p.l77. , C.OOQk' 
13S71 ' ' '- 
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iliffusiOD applied to analysis." When the solution of a saline or otber 
compoand is separated from an adjacent mass of water by a membra- 
nous septum, a greater or less quantity of the water very commonly 
passes tbroagh the septum into the solutitjn ; and if tbe solution be con- 
tained in a vessel of suitable coostrnction, having a broad membranous 
base and a narrow npright stem, the water, in some cases, flows into the 
vessel through tbe membrane, with a force sufficient to raise and sus- 
tain a colomu of 20 inches or more of liqaid iu the stem. The problem 
is to account for this flow ; which, with acid fluids more particularly, 
takes place in the reverse direction — t. e. from the solution into the 
water. 

In tbe course of his experiments Mr. Graham examined the osmotic 
movement produced with liquids of Aost diverse character, employing 
osmometers of animal membrane, albuminated caUco, and baked earth- 
enware. His results were, moreover, observed and recorded in very 
great detail. As an illustration of these results, it may be mentioned 
that with 1 per cent, solntions in the membranoas osmometer, the liquid 
rose in the Bt«m 2 millimeters in the case of common salt, 20 millimeters 
with chloride of calcium, 88 millimetera with chloride of nickel, 121 
millimeters with chloride of mercury, 289 millimeters with proto-chloride 
of tin, 351 millimeters with chloride of copper, and 510 millimeters with 
chloride of aluminum. Mr. Graham showed, further, in opposition to 
the views of Datrochet, that the velocity of the osmotic flow was not 
proportional to the quantity of salt or other sabstance originally con- 
tained in the solution ; and that the flow did not depend on capillarity, 
as Dutrochet had inferred; or yet ou diffusion, as some of his own 
experiments might be thought to indicate. Eventually he was led to 
the conclusion that osmose was essentially depeudent on a chemical 
action taking place between one or other of the separated liquids and 
tbe material of the septum. He appears to have held somewhat 
different views of the nature of this chemical action at different times, 
imd not to bave considered it as being in all cases of the same character. 

The following extracts, expressing his latest views on the subject, are 
taken from the conclusion of his paper " On liquid diffusion applied to 
analysis." 

"It now appears to me that the water movement in osmose is an affair 
of hydration and of dehydration in the substance of the membrane, or 
otber colloid septum, and that the diffusion of the saline solution placed 
within the O8momet«r has little or nothing to do with the osmotic result 
otherwise than as it affects the state of hydration of the septum. ■ • * 
Placed in pure water, such colloids (as auimal membrane) are hydrated 
to a higher degree than they are iu neutral saline solutions. Hence the 
equilibrium of hydration is difiereut on the two sides of the membrane 
of an osmometer. The outer surface of the membrane being in contitct 
with pure water, tends to hydrate itself iu a higher degree than the 
iooer surface does, the latter surface being supposed to- be in contact 
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with a saline solatioD. When the fall hydration of the outer snrfitce 
extends throngh the thickness of the membrane, and reaches the inner 
sarfiice, it there receives a check. The degree of hydration is lowered, 
and the water mast be given ap by the inner layer of the membrane, 
and it forms the osmose. ' ' ' Far from promoting this separation of 
water, the diffnsion of the salt throaghont the substance of the mem- 
brane appears to impede osmose by eqaaliziog the condition as to saline 
matter of the membrane through its whole thickness. The advantage 
which colloidal solutions have in indncing osmose, appears to depend in 
part upon the low diffasibility of such solNttons, and their want of power 
to penetrate the colloidal septam." 

VI. 

MoremenU of Qaaex under pretsure. Effuahn and transpiration. — 
The mechanical law of the passage of difi'ereut gases under the same 
pressure through a mere perforation, as of the jMtssage of different liquids, 
being that the velocities are inversely as the square roots of the speci&o 
gravities, Mr. Grabam subjected this law to an experimental verification, 
and ma<1e known bis results in a paper communicated to the Royal 
Society in 1846. The mode of experimenting was as follows : A jar 
standiog on the plate of an air-pump was kept vacuous by continued 
ezhanstion, and a measured quantity of gas allowed to find its way into 
the jar through a minute aperture in a thin metallic plate. The admis- 
sion of 60 cnbic Inches of dry air into the vacuous, or nearly vacuous 
jar, being arranged to take place in about 1,000 seconds, the times of 
passage of the same volume of air were found not to vary from each 
other by more than two or three seconds in successive experiments. 
Operating with different gases, the relative timesof passage, or of "effu- 
sion," as it was denominated by Mr. Graham, proved to be approxima- 
tively identical with thesquare roots of the specific gravities of the several 
gases ; or, in otlier words, their velocities of efifusion were shown exper- 
imentally to be inversely as the square roots of their specific gravities. 
The rate of effusion of a mixed gas corresponded in most cases with the 
calculated mean rate of its constituents ; but the rates of effusion of the 
light gases, marsh gas and hydrogen, were very disproportionately re- 
t^^ed by the admixture with them, even to a small extent, of the heavier 
gases, oxygen and nitrogen. 

Passing from the study of the effusion of gases through a perforatetl 
plate, Mr. Graham next submitted their " transpiration" through a 
capillary tube to a similarly conducted experimental inqniry. His re- 
salts were communicated to the Boyal Society in two very elaborate 
papers, " Ou the motion of gases," Parts I and II,* the first part cou- 
taioiug also his above-described results on the effusion of gases. With 
a very short capillary, the relative rates of passage of different gases 
were foand to approximate to their relative rates of effusion ; but with 

■ Pliilosopbical Traueactlous, 1846, p. 573 ; 1849, p. 349. 
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every elongation of tlie capillary, a constantly increaaing deviation from 
these rates was observed — the increase of the deviation, however, 
- becoming less and less considerable with each successive increment 
of elongation, until, when the tube bad acquired a certain length in 
proportion to its diameter,' a masimam de\iation of the relative rates of 
passage of the different gases from their relative rates of effusion was 
arrived at. These ultimate rates of passage, unaffected iu relation to 
each other by further elongation of the capillary, constitute the true 
transpiration velocities of the different gases, as distinguished trom their 
velocities of effusion. Of all the gases experimented on, oxygen was 
found to have the longest transpiration time, or slowest transpiration 
velocity. In the following table its time of transpuration is taken as 
unity, and the times ofa few other gases compared therewith. In other 
columns are given the specific gravities of the same gases, referred to 
the specific gravity of air as unity ; and the square roots of their speeific 
gravities, which also express tbeir relative times of effusion. 
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That gas transpiration has no direct relation to gas specific gravity is 
shown by the trauspiratiou times of oxygen and nitrogen exceeding the 
trauspiration times both of the much lighter hydrogen and marsb gas, 
and of the much heavier carbonic gas. Again, ammonia, olefiaut gas, 
and cyanogen, with the different specific gravities .590, ,978, and 1.806 
respectively, have the almost identical transpiration times .611, .503, 
and .506; or, approximatively, half the transpiration time of oxygen, 
1.000. Nevertheless the trauspiration times of oxygen and nitrogen are 
directly as tbeir specific gravities ; and further, the specific gravities of 
nitrogen, carbonic oxide, and nitric oxide beiug .971, .968, and 1.039, 
tbeir transpiration times are .877, .874, and .876 respectively. But then 
defiant gas, with the same specific gravity .978, has the much shorter 
transpiration time .505 ; aud similarly in other cases. Altogether the 
discordance between transpiration and specific gravity is of greater fre- 
quency than the accordance; but still the circumstance of gases having 
the same, or about the same, specific gravity, b%^'ing also the same, or 
about the same, rate of transpiration, is of too frequent occurrence to 
be merely accidental. 

As a rule, the observed trauspiratiou rate of a mixture of gases cor- • 
responded with the calculated mean rat« of its constituents; bnt the 
trauspiration rates of the light gases, hydrogen and marsh gas. were 
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found to be disproportionately retarded to a greater extent even than 
their effusion rates by tbe admixtore with them of heavier gases. Fur- 
tber, by employing mixtarea of gaa and vapor, Mr. Graham extended 
bis inquiry so aa to inclnde a determination of the transpiration times 
of several vapors; the results being calculated on tbe assumption 
that tbe observed transpiration time of tbe mixture was the mean of 
the transpiration times of the permanent gas and of tbe coercible vapor 
experimented on. In this way tbe transpiration time of ether vapor, 
sp. gr. 2Ji86, was shown to be identical with that of hydrogen gas, sp. 
gr. 0.06d ; and the transpiration time of carbonic sulphide vapor, sp. gr. 
2.645, identical with that of stOphareted hydrogen gas, sp. gr. 1.X91. 

With respect to gaa transpiration in general, the rates of transpira- 
tion of different gasea were fonnd to be independent of tbe nature of 
tb^ material of the capillary; apparently £rom the capillary, of what 
material soever, becoming lined with a film of gas, with which alone the 
current of gas could come in contact; ao that tbe iriction was purely 
intestine, and suggestive of a. sort of viscosity in the gas itself. Tbe 
rate of passage was further shown to be inversely as the length of tbe 
capillary ; and directly, in some high but undetermined ratio, as ita di- 
ameter. Lastly, the rate of " effusion" of a given volume of any par- 
ticular gas being independent of pressure and temperature, the rate of 
transpiration of a given volume of any particular gas was observed to 
vary directly with ita variation of density, whether the result of altera- 
tion of pressure or of temperature ; 100 cubic inches of dense air, for 
example, transpiring ttiore rapidly than 100 cubic inches of tenuous air, 
in proportion to the excess of density. 

Speaking of the importance and fundamental nature of the physical 
properties manifested by bodies in the gaseous state, and of the extent 
of his own inquiries on gastranspiration, Mr, Graham observed : " It 
was under this impression that I devoted an amount of time and atten- 
tion to that class of constants (transpiration-velocities) which might 
otherwise appear disproportionate to theur value and the importance 
of the subject. Aa the results, too, were entirely novel, and wholly un- 
provided for in the received view of the gaseous constitution, of which 
indeed they prove the incompleteneaa, it was the inore necessary to 
verify each fact with tbe greatest care." 

VII. 

Diffusion of gase8.-~Ia 1801, Dalton, in an essay " On the constitu- 
tion of mixed gases, and particularly of the atmosphere," propounded 
tbe now celebrated view that "where two elastic Snids denoted by A 
and B are mixed togetheTf there is no mutual repulaiou among their par- 
ticles ; that is, tbe particles of A do not repel those of B, as they do one 
another; consequently the pressure or whole weight upon any one par- 
ticle ariaes solely from those of its own kind." Unring the act of ad- 
mixtare, " the particles of A meeting with no repulsion Jrom those of 
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B . . . . 'wonld instantaneonsly recede from each other as far as poaeible 
anderthe circamstancea; andcoDseqaeDtljairaDgetbemselveBjastasin 
a void space." At the begioniDg of 1803, Id a supplemeotary paper 
"Od the tendenc; of elastic flnids to diffnsion tbroagh each other," he 
made koowQ the remarkable action of intermiztore which takes place, 
even ia opposition to the iuflnence of gravity, when any two gases are 
allowed to communicate with each other. Thos, in a particular experi- 
ment, be showed that when a vial of hydrogen is connected with a vial 
of carbonic gas by means of a narrow piece of tabing, so that the vial 
of light hydrogen may be inverted over the other vial of heavy carbonic 
gas, the heavy carbouic gas actaally ascends through the light hydro- 
gen, and the light hydrogen descends through the heavy carbonic gas 
until the uniform admixture of the two gases with each other is effected. 
The subject was afterward investigated by Berthelot, who, in a series of 
experiments performed with great care, while opposing Dalton'a theo- 
retical coDclnsions, corroborated his results, and indicated farther the 
high diffnsiveness of hydrogen. Here it was that Mr. Graham took np 
the inqairy. The first of his papers relating directly to the subject 
of gas-diffnsion appeared in the "Quarterly Jonmal of Science" for 
1829, under the title, " A short account of experimental researches 
on the difTusion of gases through each othec, and their separation by 
mechanical means."* The mode of proceeding adopted in these re- 
searches was as follows: Each gas experimented on was allowed to 
diffuse from a horizontally placed bottle through a narrow tube, 
directed either upward or downward according as the gas was heavier 
or lighter than air, so that the diffusion always had to take place in 
Opposition to the influence of gravity. The result was that equal 
volumes of different gases escaped in very unequal times, the rapidity 
of the escape having an inverse relation to the specific gravity of the 
gas. Thus hydrogen was found to escape four or five times more 
quickly than the twenty-two times heavier carbonic gas. Again, with 
a mixture of two gases, the lightest or most diffusible of the two was 
found to leave the bottle in largest proportion, so that a sort of mechani- 
cal separation of gases could be effected by means of their unequal 
diffnsibility. Most of these last results were obtained by allowing the 
gaseous mixture to diffuse into a limited atmosphere of some other 
gas or vapor, capable of subsequent removal by absorption or condensa- 
tion. 

But these methods of operating, by fVee or adiaphragmatic diffusion, 
were soon abandoned by Mr. Graham for the more practicable method 
of diffusion through porous septa. Ouce again, however, many years 
afterward, in a paper " Ou the molecular mobility of gases," to be more 
fully considered preseutly, Mr. Graham made some additional and very 
curious observations on the free diffusion of hydrogen and carbonic 
gas iuto surrounding air, showing the absolute velocities of the molecn- 

• QQattcrlj Journal of Science, ii, IS®, p. 83.' ' O 
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lar movementa in each of the two cases. A glass cylinder, .67 meter 
high, had the lowest tenth of its height filled with carbonic gas. 'Then, 
after different intervals of time, the uppermost tenth of air in the 
cylinder was drawn off and examined. In five minut«8 the carbonic 
gas in this upper tenth of air amounted to .01, and in seven minntes 
to 1.02 per ceol. ; or 1 per cent, of carbonic gas had diffused to the 
distfuic« of half a meter in seven minutes, being at the rate of 73 mil- 
limeters per minute. "Savr, the conditions of this movement always 
prevail in the air of the atmosphere, and, using the words of Mr. Graham, 
'* it is certainly most remarkable that in perfectly still air its molecules 
should spontaneously alter their position, and move to a distance of 
half a meter in any direction in the course of five or six minutes." 
By similar, experiments made with an inverted cylinder, 1 per cent, of 
hydrogen was foand to diffuse downward at the rate of 350 milhmeters 
per mionte, or about five times as rapidly as the carbonic gas diffused 
upward. 

With regard to Mr. Graham's experiments on the diffusion of gases 
through porous septa, his earliest results on this subject were communi- 
cated to the Boyal Society of Edinburgh, in a paper " On the law of 
the diffusion of gases," abeady referred to as the first-bom of what may 
be considered his great papers.* Prior even to Dalton's above-mentioned 
experiments on tree diffusion, Dr. Priestly, when transmitting different 
gases through stoneware tubes snrronndcd by burning fuel, perceived 
that the tnbes were porous ; and that not only was there an escape of 
the gas, under pressure, from within the tube outward to the fire, but 
that there was also a penetration of the exterior gases of the fire into 
the tube, notwithstanding the superior pressure of the current of gas 
passing through the tube. 

Hr. Graham, however, appears to have had his attention originally 
directed to the study of the transmission of gases through porons 
diaphragms by the curious observations and experimente of Dobei^iner, 
who, baring occasion to collect and store some quantities of hydrogen 
over water, accidentally made use of a fissured jar, and was surprised 
to find that the water of the pneumatic trough rose in this jar to the 
height of an inch and a half in twelve hours, and to not far short of 
three inches in twenty-four hours. Having assured himself of the 
constancy of the phenomenon, DSbereiner attributed it to capillary 
action, conceiving hydrogen to be alone attractable by, and, on account 
of the assumed minuteness of its atoms, admissible through the fissure. 
Id repeating Dobereiner's experiments, however, Mr. Graham soon 
observed that the escape of hydrogen outward was always accompanied 
by a penetration of air inward, the rohime of air finding an entrance 
through the fissure amounting to atwut one-fourth of the volume of 
hydrogen making its escape; or the fissure proved permeable to the 
grosser air as well as to the finer hydrogen. Having arrived at this 

" E^nbnrgli Eoyal Society TranBactiona, xU, 1834, p. 222, . 00*210 
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poiDt, he replaced the fissored jar by an iastxameDt admitting of 
mnch greater experimental precision. For the jar itself he substituted 
a piece of glass tube about half an inch in diameter, and from eight to 
fourteen inches long, and for the fissure ia the jar he aabstituted a 
plate of stucco serving to close one end of the tube. Operating with a 
diffusion- tube of this kind standing in ajar of water, It was fonnd, as 
in Dal ton's experiments, that the two gases, sa; external air and internal 
hydrogen, exhibited a powerful tendency to intermix or change places 
with each other ; bat more than this, it was found that the air did not 
exchange with its own volume of hydrogen, bat instead with 3.8 times 
its volume. Using the word diffusion-volume to express the balks of 
different gases exchanging thus with one another by the process of 
diffusion, the diffusion- volume of hydrogen would be 3.8, that of air being 
taken as 1. Similarly, it was ascertained that every gas has a diffusion- 
volume which is peculiar to itself, and is indeed inversely as the square 
root of its specific gravity ; and since the unequal diffusion volumes of 
difiereot gases aI^B consequences of their unequal diffusion velocities, it 
follows that the relative velocities at which different gases diffuse into 
one another, by virtue of their own inherent mobility, are identical with 
those at which they effuse under pressure into a vacunm — a result quite 
in accordance with, and indeed dediibible firom, Dalton's aphorism. Bat 
although the relative rates of effusion and diffusion are alike, it is 
important, wrote Mr. Oraham, in the later paper already quoted from, 
" to observe that the phenomena of effusion and diffusion are distinct 
and essentially different in their nature. The effusion movement affects 
masses of gas, the diffusion movement affects molecules; and a gas is 
nsnally carried by the former kind of impulse with a velocity many 
thousand times as great as is demonstrated by the latter."* 

Thus the result arrived at by Mr. Graham, in his original [taper, was 
the enunciation of the now w^l-recoguized law of the diffusion of gases; 
but some thirty years afterward, he again subjected the phenomena of 
gas-diffusion to an elaborate experimental investigation — going over the 
old and penetrating into new ground with an activity by no means Im- 
paired, and with intellectual powers largely expanded by increase of 
years. His results were communicated to the Koyal Society of London, 
in a paper " On the molecular mobility of gases," t and it is impossible 
to read this and his original paper ^ On the law of the diffusion of 
gases " together, witbont being struck by the great advance in philo- 
sophic grasp and breadth of view which had becomedeveloped in the long 
interval between the publication of the two memoirs. These later ex- 
IKriments on gas-diffusion were made principally witii septa of com- 
pressed graphite ; and it will be well to preface their cousideration by 
Mr. Graham's own introductory remarks. He observes : 

* The motions of effnaioa under presanre, and of spontaneoas difFusioD, woiiltl appear 
to be alike traceable to the elaaticitf of the gna itself, exerted ander the coDditlou M 
which it IB exposed at the time. ,-. . 

t Philosophical Traonactione, ISTO, p. 385. Digit zed by LTOOglC 
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"The pores of artificial graphite appear to be really so miDnte that a 
gas in nuus cauaot penetrate the plate at all. It seems that molecules 
only can pass ; and they may be supposed to pass wholly noimpeded by 
fiiction, for the smallest pores that caobe ImagiDed to exist in graphite 
mast be tnnnels in magnitude to the ultimate atoms of a gaseous body. 
The sole motive agency appears to be that intestine movement of 
molecules whicli is now generally recognized as an essential property of 
the gaseous condition of matter. 

" According to the physical hypothesis now generally received, a gas 
is represented as coDBisting of solid and perfectly elastic spherical par- 
ticles or atoms, which move in all directions, and are animated with dif- 
ferent degrees of velocity in different gases. Confined in a vessel, the 
moving panicles are constantly impinging against its sides and occasion- 
all; agatust each other, and this contact takes place without any loss of 
motioD, owing to the perfect elasticity of the particles. If the contain- 
tog vessel be poroas, like a diffiiBiometer, then gas is projected through 
the open channels, by the atomic motion described, and escapes. Simal- 
taoeoasly the external air is carried inward in the same manner, and 
takes the place of the gas which leaves the vessel. To this atomic or 
molecular movement is due the elastic force, with the power to resist 
compression, possessed by gases. The molecular movement is accelera- 
ted by heat and retarded by cold, the tension of the gas being 
increased in the first instance and diminished Id the second. Even 
when the same gas is present both within and without the vessel, or is 
in contact with both sides of our porous plate, the movement is sustained 
without abatement — molecules continuing to enter and leave the vessel 
in equal number, although nothing of the kind is indicated by change 
of volume or otherwise. If thegasesincommanicationbedifTerentibat 
possess sensibly the same specific gravity and molecalar velocity, as 
nitrogen and carbonic oxide do, an interchange of molecnles also takes 
place without any change in volume. With gases opposed of unequal 
den^ty and molecular velocity, the permeation ceases of course to be 
equal in both directions." 

One set of novel experiments recorded in the later paper, from which 
the above remarks are extracted, had reference to the diffusion of single 
gases through porous septa, into a vacuous or partially vacuous space. 
The diffusion-tube was substantially th£ sameas that formerly employed, 
except in the circumstance of its being closed by a plate of compressed 
graphite instead of by stucco, and in the further circumstance of the 
tube itself being in some cases so far lengthened and otherwisemodified 
as to admit of the production within it of a barometric vacuum of com- 
paratively large dimensions. The mode of experimenting was as fol- 
lows: l^e short tubes, when employed, were filled with mercury, and 
inverted in a mercurial trough. Then, by means of a very simple 
arrangement-, the gas under examination was allowed to sweep over the 
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mercDry within tbe tabe cntil it Btood at a height of 100 millimeters 
only — that is, nntil tbe external pressore exceeded tbe internal ^vesare 
by 100 millimeters only. Matters being in this state, tbe experiment 
consisted inobserring tbe nnmber. of seconds required for tlie admissiOTi 
tbrongh the graphite septum, into tbe gradnated tnbe, of a giren - 
▼olnme of gas — the mercury in the tnbe being kept throughout at tbe 
constant height of 100 millimeters, by a gradual lifting np of the tnbe, 
effected by a mechanical arrangement originally deviled and employed 
by Professor Buneen. Tbe long tubes were filled with mercary in a dif- 
ferent manner; but the conduct of tbe experiments made vitb them 
differed only fh>m that of the ezperidents made with the BhorttnbeB,in 
that tbe level of mercury in tbe long tubes was -maintained tbrougbont 
at or near to tbe barometric height, so that the external gas diffused 
into the tnbe under full atmospheric pressure. Experimenting in this 
way, the relative times of permeation of equal volumes of different 
gases were found to be almost identical with tbe square roots of the 
specific grarities of tbe re8i>ective gases, as shown in tbe following 
table: 



Times of eqval Square roots of 



diffusion. 



speciGo gravitlM. 



CftrboDicgoa.- 
Hjdiogen 



.9601 
1.1860 
.2505 



These results are of great value from the simplicity and constancy of 
the conditions under which they were obtained, and from their close ac- 
cordance with tbe induced law. By allowing tbe diffusion to take place 
into a complete or partial vacuum, instead of into an atmosphere of 
other gas, the results were not complicated with those of interdiffusion ; 
and by employing a thin plate of highly compressed graphite, instead 
of a comparatively thick plug of more porous stucco, the results were 
not complicated with those of transpiration, as happened in some othei> 
wise admirable experiments of Professor Bansen, which led that dis- 
tingnisbed investigator to question at one time the accuracy of Mr. Gra- 
ham's law, 

Tbe absence of any transpiration of gas through the graphite wafer 
was made evident by the want of any approximation, in the rates of 
passage, to tbe characteristic rates of tmnspiration ; and was conse- 
quent on tbe impermeability of tbe exceedingly minute pores of the 
graphite to any enforced bodily transmission of gas tbrongb them. It 
may be as well to state this conclusion in Hr. Graham's own words : 

" The movement of gases through tbe graphite plate appears to be 
, solely due to their own proper molecular motion, quite unaided by trans- 
piration. It seems to be tbe simplest possible exhibition of tbe mole- 
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Cttlar or diifaaive movement of gasea. This pure resalt is to be ascribed 
to tiie wonderfally fine (initiate) porosity of tbe grapbite. The intersti- 
taal spaces appear to be safficiently small to extlngiiUh capillary trana- 
pirstion entirely. The graphite plat« ia a pnenmatio aeve which stops 
rU gaseona matter ia mass, and permits molecoles only to pass." 

By similarly conducted experiments, a determination was also made 
of tbe difference of rate, if any, at which hydrogea dtffbses throngh a 
gnq>hite plate into a vakanm and into atmospheric air. Thus, in one 
minate of time, the following quantities of hydrogen passed through 
th» graphite plate, in the two cases respectively ; 

1.3S0 cnbic centimeters intb a Tttcnum. 
1.843 cubic centimateiB inUi air. 
These nnmbers indicate a close approach to equality in the velocities of 
passage into a Tacunm and into a space of other gas — a yet closer equal- 
ity being probably attainable by a modified form of experimenting. 

The diffusion of hydrogen into air, as in the above-referred-to experi- 
ment, is of course accomitanied by a diffusion of air into hydrogen, 
which had to be allowed for in calculating out tbe above result More- 
over, Mr. Orabam made a special repetition of his early experimentaou 
ioterdiffusion, operating with dry instead of moist gas, substituting 
mercnry for water in the diffusion-tube, maiutaining a constant pressure 
by BuDsen's mechanism instead of by a pitcher of water, and using a 
wafer of graphite instead of a plug of stucco as the irarous diaphragm. 
The theoretical exchange of hydrogen for air being 3.8 volumes for 1, 
and that of hydrogen for oxygen being 4.0 volumes for one, the ex- 
changing volumes actually found were 3.876 and 4.124 respectively. 

Beferring to the approximatively equally rapid passage of hydrogen 
into a vacnons and aerial sj^ace, Mr. Graham remarks as follows on the 
subject of interdifibaion : 

** In flue, there can be little doubt left on tbe mind that the permea- 
tioD through the graphite plate into a vacuum, and the diffusion into a 
gaseous atmosphere, through the same plate, are due to the same inher- 
ent mobility of the gaseous molecule. They are tbe exhibition of this 
movement in different circumstances. In interdiffasion we bave two 
gases moved simultaneously through the passages in opposite directions, 
each gas under the influence of its own inherent force; while with gas 
on one side of the plate, and a vacuum on the other side, we have a sin- 
gle gas moving in one direction only. The latter case may be assimi- 
lated to the former if the vacuum be supposed to represent an infinitely 
light gas. It will not involve any error, therefore, to speak of both 
movemeDts as gaseous diffusion — the diffuaiou of gna into gas (double 
diffusion) in the one case, and the diffusion of gas into a vacuum (siagle 
diffosion) in tbe other. The inherent molecular mobility may also be 
justly spoken of as the diffusibility or diffusive force of gases. 

" Tbe diffusive mobility of the gaseous molecule is a property of mat- 
ter, fundamental in its nature, and the source of many others. The rate 
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of diffaaibility of any gas has been aaid to be regalated by iU speciflc 
gravity, tlie velocity of difTasioD liaving been observed to vary inversely 
as the square root of the density of the gas. This is true, bat not ia 
' the sense of the diffusibility being determined or eatisedhy speciflc grav- 
ity. Tbe physical basis is the molecnlar mobility. The degree of mo- 
tion which the molecule possesses regulates the volume vhich the gas 
assumes, and is obviously one, if not tbe only, determining cause of tbe 
peculiar specific gravity which tbe gas enjoytf. If it were possible to 
luceease in a permanent manner tbe molecular motioH of gas, its specific 
gravity would be altered, and it would become a lighter gas. With tbe 
density is also associated the' equivalent weight of a gaseons element, 
according to the doctrine of equal combining volumes." 

In addition to the above two sets of experiments, on the diffusion of 
a single gas into a vacuum and on the diffusion of one gas into another, 
a third set of experiments was made on the diffusion of one gas away 
irom another; or on the partial separation of mixed gases by the pro- 
cess of atmolysis. The experiments on this sntyect were conducted in 
several different ways, but the most striking results were obtained with 
what Mr. Graliam named his tube atmolyser. This instrument consists 
of one or more lengths of ordinary tobacco-pipe, (conveying tbe cuirent 
of mixed gas,) snrrounded by a gloss tube maintained in a more or leas 
vacuons state by exhaustion with an air-pump. The roost diffusible 
constituent of the mixed gas passing away in largest proportaon 
through the porous material of the tobacco-pipe, the least diffusible con- 
stituent becomes concentrated in the residue of gas passing along, and 
finally delivered by the pipe. By this simple contrivance tbe proportioB 
of oxygen in ordinary air, transmitted by the tobacco-pipe, was increased 
&om below 21 np to 24.5 percent., as a result of the small superior diffa- 
sive velocity of nitrogen 1.01, over that of oxygen 0.95. 

In experiments made with the far more unequally diffusive gases 
oxygen and hydrogen, mixed in equal volumes, the proportion of oxy- 
gen transmitted by tbe tobacco-pipe was increased from the original 50 
per cent to 90, and even in some cases, to 95 percent. Electrolytic gas, 
consisting of 33.3 per cent oxygen and 66.6 per cent, hydrogen, was 
slowly transmitted through a single tobacco-pipe, in some experiments 
inclosed in a vacuum, in others exposed to tbe air. In the vacuum ex- 
periments the transmitted gas was found to consist of 90.7 per cent; 
oxygen and 9.3 per cent, hydrogen. In tbe air experiments, the trans- 
mitted gas was found to consist of 40.4 per cent, oxygen, 6.5 per cent, 
hydrogen, and 54.1 per cent. air. In both cases it had lost its explosive 
character, and acquired the property of re-inflaming a glowing splinter. 

This paper of Mr. Qrabam's"On tbe molecular mobility of gases" was 
sapplemented by a commonication made to the Chemical Society in 1884, 
entitled " Speculative ideas respecting the constitution of matter," * 
£n>m which the following extracts are taken: 

• Chemical Society Journal, xvU, p 3601 ^^^ t>> ^^OOg IC 
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"It is conceivable that tbe varions kiods of matter, dow recoguixed as 
different elementaiy Babstonces, may possess one and tbe same ultimate 
or atomic molecnle existing in different conditions of moTcment. The 
essentia] unity of matter is a hypothesis iu harmony with the eqnal 
action of gravity upon all bodies. We know the anxiety with which 
this point was investigated by Jlewtou, and the care he took to ascer- 
tain that every kind of substance, 'metals, stones, woods, grain, salts, 
animal sabstances,' &c., are similarly accelerated in falling, and are there- 
fore equally heavy. 

*' In the condition of gas, matter is deprived of numerous and varying 
properties, with which it appears invested when iu the form of a liqnid 
or solid. The gas exhibits only a few grand and simple features. These 
agun may all be dependent npon atomic or molecular mobility. Let us 
imagine one kind of substance only to exist — ponderable matter; and 
farther, that matter is divisible into ultimate atoms, uniform in size and 
weight We shall then have one substance and a common atom. With 
the atom at rest tbe uniformity of matter wonld be perfect. But the 
atom possesses always more or less motion, due, it must be assnpied, to 
a primordial impulse. This motion gives rise to volume. The more 
rat>id the movement the greater tlie space occupied by the atom, some- 
what as the orbit of a planet widens with the degree of prqjectile velo- 
city. Matter is thus made to differ only in being lighter or denser 
■latter. Tbe specific motion of an atom being inalienable, light matter 
is DO longer convertible into heavy matter. Iu short, matter of differcut 
density forma different substances— different inconvertible elements, aa 
they have been considered. 

" Bat further, these more and less mobile, or light and heavy forms 
of matter, have a singular relation connected with equality of volume. 
Eqaal volumes of two of them can coalesce together, unite their move- 
ment, and form a new atomic group, retaining the whole, the half, or 
some simple proportion of the original movement and consequent 
volume. This is chemical combination. It is directly an affair of 
volume, and only indirectly connected with weight. Combining weights 
are different, because tbe densities, atomic and molecillar, are different. 
The volume of combination is uniform, but tbe fluids measured vary in 
density. This fixed combioiog measure — tbe metron of simple sub- 
stances — weighs 1 for hydrogen, IC for oxygen, and so on with tbe other 
'elements.' 

"To the preceding statements respectiug atomic and molecular mo- 
bili^, it remains to be added that the hypothesis admits of another 
expression. As in the theory of light we have the alternative hypoth- 
eses of emission and undulation, so in molecular mobility the motion 
may be assumed to reside either in separate atoms and molecules, or in 
a fluid medium caused to undulate. A special rate of vibration or pulsa- 
UoD originally imparted to a portion of tbe fluid medium enlivens that 
portion of matter with an individnal existence, and constitutes it a dis- 
tinct substance or element 
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"Lastly, molecular or diffasive mobility lias an obvioas bearing npon 
the commuDicatiou of heat to gaees by cootact with liquid or soUd sur- 
faces. The impact of the gaseous molecule opoa a surface possessing a 
different temperature appears to be the condition for the traosfereoce of 
heat, or the heat movement, from one to the other. The mote rapid tiie 
molecular movement of the gas, the more frequent the contact with cob- 
sequent communication of heat. Heoce, probably, the great cocding 
power of hydrogen gas as compared with air or oxygen.^ The gases 
named have the same specific heat for equal yolnmea, but a hot.objeet 
placed in hydrogen ia really touched 3.8 times more frequently than it 
would be if placed in air, and i times more frequently than it would be 
if placed in an atmosphere of oxygen gas. Dalton had already ascribed 
this peculiarity of hydrogen to the high 'mobihty' of that gas. The 
same molecular property of hydrogen recommends the application of 
that gas in the air-engine, where the object is to alternately beat and 
cool a confined volume of gas with rapidity." 

VIII. 

Faaaage of gases through colloid septa. — In 1830, Dr. Mitchell, of Phila- 
delphia, discovered a power in gases to penetrate thin sheet India 
rubber ; and, noticing the comparatively rapid transmission of corboDtc 
gas through the rubber, associated this observation with the further one 
that a solid piece of India rubber is capable of absorbing ita own volume 
of carbonic gas, when left in contact with excess of the gas for a soiB- 
cient length of time. By means of a suitable arrangement, Dr. Mltohell 
found that various gases passed spontaneously through a caontchooe 
membrane into an atmosphere of tmUnary air with different degrees of 
velocity — that as much of ammonia gas was transmitted in 1 minute as 
of carbonic gas in 5^ minutes, as of hydrogen in 37^ minntes, sad as of 
oxygen in 113 minutes. Soon after their publication, these results were 
ably commented on and extended by Dr. Draper, of New York; and, 
altsgether, they attracted considerable attention in scientific circles. 
One of Mr. Graham's earliest observations — having reference to the 
spontaneous passage of carbonic gas into a moist bladder of air, so as 
nltimately to bnrst the bladder — had obviously a very close connection 
with Dr. Mitchell's results, and received from Mr. Graham in 1829 the 
same explanation that in 1866 he gave to his own India rubber experi- 
ments, the accoont of which he communicated to the Boyal Society in a 
paper "On the absorption and dialytic separation of gases bj colloid 
septa." * In his experiments on the penetration of different gases, 
through septa of India rubber, into a vacuum, Mr. Graham employed 
a tube considerably exceeding in length the barometric colnmo, open at 
oue end and closed at the other by a thin film of caoutchouc stretched 
over a plate of highly porous stucco. Oo filling this tube with mercury, 



■ PhUompbical Traoeactlona, 1866, p. 399. 
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aod iavertiog it into a cap of mercary, a Torricellian vacamn vas left 
at tbe top, into wbicb tlie exterual air, or any external gaa experimented 
on, gradoall; found its way by passage through tbe caoutchouc film, so 
as to canse a depres^on of the mercurial coIatuD. By experiments made 
in thia manner, it was foond that different gases penetrated tbe'mbber, 
and entered the vacuous space with tbe following relative velocities, 
differing widely from the velocities of diffusion and transpiration of the 
sasie gases given in the other two columns of the table: 





Bates of pawBge 


Transpinitioa 
veltwities. 


Diffusion 
velocities. 




1.00 
2.15 
2.55 
5.50 
13.68 


1.14 
l.Bl 
1.00 
2.29 
1.37 












HT^iren 




C^^^SSB 









Bearing in mind tbe partial separation of gases from one another at- 
tainable by reason of their unequal diffusive velocities, the possibility 
of effeetiog a similar separation of gases by reason of their nnequal 
velocities of transmission through India mbber was easily to be fore- 
seen. Foi example, atmospheric air consisting of 20.8 volames of oxy- 
gen and 79.2 volames of nitrogen, and the transmission velocities of 
these two gases being respectively 2.55 and 1.0, it follows that the air 
transmitted through India rubber into a vacnam sbonid consist of 40 
per cent oxygen and 60 per cent, nitrogen, thus : 

Oiygeo 20.6X2.55= 53.041 f 40 

Nitrogen 79.2x1.0 = 79.20 LrJ 60 



In aalijecting this conclusion to the test of experiment, Mr. Graham 
availed himself of Dr. SprengePs then newly invented mercurial pump 
or esbaaster, an instrument which also stood him in good stead in his 
sabsequent work, and to which he freely acknowledged his obliga- 
tions. By a slight alteration in th^e pump, as originally constmcted, 
Mr. Graham made it serve not only for its original purpose of creating 
and maintaining an almost perfect vacuum, but also for delivering pan 
pa^u any gas penetrating into the vacuum through its caoutchouc or 
other walls. 

The caoutchouc films employefl in these experiments were of various 
kinds; but the most readily practicable and, on tbe whole, successful 
resalts, were obtained with India-rubber varnished silk made up into a 
flat bag, exposing on eaeh side about 0.25 meter of square surface. 
The interior of such a bag being in communication with the Sprengel 
pump, the constituents of the external air were gradually sucked 
Chroagh the walla of the bag and delivered by the tnrnedup fall-tube of 
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tbe pump. On ejamJDiiig the delivered gas, it was found to contain on 
the average 41.6 per cent, of oxygen ; and accordingly, to have tlie prop- 
erty of re-iodamiDg a glowing splinter. ' TtinSf by tbe simple snction of 
atinospberic air ihrougb a caontcboac film, the remarkable resnlt was 
arrived'at of nearly doabliog tbe proportion of oxygen in the Tolame 
of air sacked through. UnfortuDately for the practical application of 
the process, tbe entire volome of air sncked through proved to be very 
smalt, about 2.25 cable centimeters per minute, per aqnare meter of sue- 
face, at 20° 0. At 00° C, however, the passage of air tbrongb the rub- 
ber was almost exactly three times as rapid as at 20°. 

Instead of allowing the gases experimented on to pass through the 
India rubber into a vacuona space, tbey were, in some cases allowed to 
pass into space already occupied with a different gas, somewhat as in 
Dr. Mitchell's original experiments; but the conditions of the actioa 
wero then more complex. The constituent gases of atmospheric air, for 
instance, pass through an India-rubber septum into a space containing 
carbonic gas at the relative velocities with which they enter a vacuous 
space ; but tbrongbont tbe experiment, not only are oxygen and nitro- 
gen continually entering tbe space, but carbonic gas is continually, and 
very rapidly, escaping from it. Eventually, by the rapid escape of car- 
bonic gas, the proportion or pressure of oxygen in the internal space 
icomes to exceed that in the external air ; whereupon a reverse trans- 
mission, through the India rubber, of the excess of oxygen into tbe ex- 
ternal air, at once begins. But by stepping the operation at an early 
stage, and then absorbing the carbonic gas with caustic alkali, a residue 
of hyperoxygenized air was left, capable, in some cases, of re-infiaming 
a glowing splinter, and containing as much as 37.1 .volumes of oxygen 
to 62.9 volumes of nitrogen. 

The interpretation given by their discoverer to the above results 
was in accordance with his slowly-developed views on the relations of 
gases and liquids to each other and to soft solids. Having satisfied 
himself that the merest film of India rubber is quite devoid of porosity, 
and that oxygen is at least twice as absorbable by India rubber as by 
water at ordinary temperature, (the absorbability of its own volume of 
carbonic gas by India rubber, as by water, having been noticed by Dr. 
Mitchell,) Mr. Graham came to view the entire phenomenon as having 
a very complex character, as consisting in a dissolution of the gas in 
the soft India rubber ; in a diffusion of tbe liquefied gas, aa a liquid, 
through the thickness of tbe India rubber ; in an evaporation of the 
liquefied gas from the internal surface of the India rubber ; and lastly 
in a diffusion of the evaporated gas into the internal space. Thus, in 
reference to the remarks of Drs. Mitchell and Draper, Le writes : 
" These early sjvecnlations lose much of their fitness from not taking 
into account tbe two considerations already alluded to, which appear 
to be essential to the full comprehension of the phenomenon, namely, 
that gases undergo liquefaction when absorbed by liquids and sach 
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colloid substances as India rubber, odcI that their transmission tbrongh 
liquid and colloid septa is then effected by the agency of liquid and 
not gaseous diffusion. Indeed, the complete suspension of the gaseous 
faoction during the transit through colloid membraue cannot be kept 
too much iu view." Mr. Graham seems thus to have recognized at 
least three distinct modes of gas transmission tbrongh a solid or semi- 
solid septum : ; ' 

1st By a sufficient degree of pressure gases might be forced bodily, 
«. «. in masses, tbrongh the minute channels of a porous septam ; or, in 
other words, might pass through Huch a septum by trantpiration, of 
coarse in the direction ouly of the preponderating total pressure. 

2d. As the channels of a porous septum became more and more 
minnte, their resistance to the bodily transmission of gas would be- 
come greater and greater, and the qaantity of gas forced through them 
less and less, until at length the septnm would be absolutely im- 
permeable to transpiration under the particular pressure. But such 
a septum, of which the individual capillary channels were so small 
as to offer a frictional resistance to the passage of gas greater than 
the available pressure could overcome, might nevertheless •present a 
considerable aggregate of interspace through which the diffimon proper 
of gases, consequent on their innate molecular mobility, could take 
place freely in both directions. 

3d. A septnm might be quite free from pores, of any kind or degree. 
of minuteness, and so far be absolutely impermeable to the transmis- 
sion of gas in the form of gas ; but it might nevertheless permit a 
considerable transmission of certain gases by reason of their prior 
solution or liquefaction in the substance of the septnm. And whereas 
the mere passage of gas, by transpiration or diffusion through a porous 
septam, would take place In thorough independence of the nature of the 
material of the septum, in this last-considered action, the transmission 
would take place by virtue of a sort of chemical affinity between the gas 
and the material of the septum — ^the selective absorption of the gas by 
the septum being a necessary antecedent of its transmission ; whence 
it might be said the gas was transmitted because it was ^rst absorbed. 
Of course in certain transmissions two, or all three, modes of action 
might come iuto play simultaneously. 

IX. 

Ocelusum of gases by metals. — The experiments of Deville and Troost 
haviug made known the cnrious fact of the permeability of ignited 
homogeneous platinum and ignited homogeneous iron to hydrogen fias, 
and given some indication also of the permeability of ignited iron to 
carbonic oxide gas, Mr. Graham, in 1SC6, corroborated the results of 
the French chemists in reference to platinum; but, modifying their 
method by letting the hydrogen pass into a space kept vacuous by tlie 
Sprengel pnmp, instead of into an atmoapbeie of other gas,, assimilated 
14 8 71 
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the process to tbat which he had employed ia hin India-rabber experi- 
ments. ' The resnita he obtained were cominnnicated to the Boyal 
Society, partly in the paper already referred to " On the absorption and 
separation of gases by colloid septa," and partly in four sapplemeatary 
notices published in the proceedings of the society.' lu carrying oat 
the investigation forming the subject of these several comnianicatioDS, 
Mr. Graham had the advantage of being admirably seconded by bis 
assistant, Mr. W. Chandler Roberts, whose able and zealous co-opera- 
tion he repeatedly acknowledged in the warmest terms. 

In the course of experiments made on the transmission of gases 
throngh ignited metallic septa, a particular platinum tube, being rea- < 
dei'ed vaeuoos, was found at all temperatures below redness to be quite 
impermeable to hydrogen ; whereas, at a red heat, it transmitted 100 
cubic centimeters of hydrogen in half an honr, the quantities of oxygen, 
nitrogen, marsh gas, and carbonic ga.s, transmitted under the same con- 
ditions, not amounting to .01 cubic centimeter each in half an hour. 
It was ascertained further that, with an ignited vacnous tube of 
platinum surrounded by a current of ordinary coal-gas, (a variable 
uixtnie of gases containing on the average about 15 per cent, of 
marsh gas, 40 per cent of hydrogen, and 15 per cent, of other gases 
and vapors,} a transmission of pure hydrogen alone took place through 
the heated metal. This property of selective transmission, manifested 
by platinum, was so far analogous to the property of selective trans- 
mission manifested by India-rubber, that whereas a septum of India 
rubber transmitted the nitrogen of the air in a much smaller ratio 
than the oxygen, the septum of ignited platinum transmitted the 
other constituents of coal-gas in an infinitely smaller ratio than ihe 
hydrogen. Hence the knowledge of the absorption by India rubber of 
the gases which it most freely transmitted, suggested to Mr. Graham an ■ 
inquiry as to the possible absorption of hydrogen gas by platinum. 
Accordingly platinum, in different forms, was heated to redness, and 
then allowed to cool slowly in a continuous current of hydrogen. 
The metal so treated, aud after its free exposure to the air, was placed 
in a porcelain tube, which was next made vacuous by the Sprengel 
pump. During the production and maintenance of the vacuum, no 
hydrogen was extracted from the metal at ordinary temperatures ; 
or even during an hour's exposure to the temperature of 220° ; or yet 
at a heat falling just short of redness. But at a dull red-heat and 
upward, a quantity of hydrogen gas was given off amounting in 
volume, measured cold, to as much, in some cases, as 5.5 times the 
volume of the platinum. Thus was opened out to Mr. Graham the 
subject of his last, and probably greatest discovery, the occlusion of 
gases by metals. Very many metals were examined in their relations 
to different gases, but the most interesting results were those obtained 
with phitinum as above described ; and those obtained with silver, with 
iron, and, above all, with palladium. 

■ Rojal Societf Procuedings, iv, p. 502; svi, p. 493; iTii, p. 212, p. 500. 
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The characteristic property of silver, heated and cooled ia different 
atmospheres, proved to lie its capability of absorbing and retaining, in 
some cases, as much as seven times its volume of oxygen — its absorption 
of hydrogen falling short of a single volume. Some silver-leaf, heated 
and cooled in ordinary air, and subsequently heated in a vacnum, gave 
off a mixture of oxygen and nitrogen gases containing 85 per cent, of 
oxygen, or more than four times the proportion contained in theorigtnal 
air. This remarkable property of solid silver to effect the permanent 
occlusion of oxygen gas, must be distinguished IVom the not less remark- 
able and doubtless associated property of melted silver to effect the 
temporary absorption of a yet larger volume of the same gas; which, 
on the solidification of the metal, is discharged with the Trell-known 
phenomenon of spitting. 

Iron, though tolerably absorptive of hydrogen, was fonnd to be 
specially characterized by its absorption of carbonic oxide. What may 
he called the natural gas of wrought iron, or the gas derived from the 
forge in which it was heated, proved to consist chiefly of carbonic oxide, 
and, in different experiments, was found to range from 7 to 12.5 times 
the volume of the metal; so that, in the course of its preparation, iron 
would appear to occlade upward of seven times its volume of carbonic 
oxide,and to carry this^gas about with it ever after. The absorbability 
of carbonic oxide by iron has an obviously imjiortant bearing on the 
theory of steel production by cementation. This process would appear 
to consist in an absorption of carbonic oxide ganinto the snbstance of 
the iron, and in a subsequent decomposition of the absorbed gas into 
carbon entering into combination with the metal, so as to effect its 
acieration, and carbonic gas discharged from the surface of the metal, so 
as to produce the well-known appearance of blistering. Nor is this the 
only, or even the chief point of interest that was made out with regard to 
iron ; for the study of the behavior of telluric mannfactured iron 
natnrally led Mr. Graham to the examination of sidereal native iron, 
that is to say, the iron of meteorites, and with the following result. A 
portion of meteoriciron, from the Lenarto fall, when heated tnrncwo, gave 
off 2.85 times its volume of natural gas, of which the preponderating con- 
stituent, to the extent of S5.7 per cent, of the total quantity, consisted 
not of carbonic oxide, bnt of hydrogen, the carbonic oxide amounting 
to only 4,5 per cent, and the remaining 9.8 per cent, consisting of nitro- 
gen. The inference that the meteorite had been, at some time or other, 
iguited in an atmosphere having hydrogen as its prevailing constituent, 
seems irresistible ; and judging from the volume of gas yielded by the 
iron, the hydrogen atmosphere in which it was ignited must, in all prob- 
ability, have been a highly condensed one; the charge of hydrogen 
extracted being fully five times as great as it was found possible to im- 
part to ordinary iron artificially. 

But it was with palladium that Mr. Graham obtained his most extra- 
ordinary results. This metal be found to have the property of trans- 
mitting hydrogen with extreme facility, even at temperatures very far 
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Bbort of redneas. Goincidently, at temperatures even below those 
requisite for transmission, palladiam was found capable of absorbing 
many bandred times its volume of hydrogen. Thus apiece of palladiam- 
foil maiutained at a temperature of 90O-97° for three hourd, and then 
allowed to cool down during an hour and a half, while sorrounded by a 
' continnons cnrreDt of hydrogen gas, gave off, on being afterward heated 
in vacuo, 643 times its volume of the gas, measured cold ; and even at 
ordioar^ temperatures, it absorbed 376 times ite volume of the gas, pro- 
vided it had first been recently ignited in vacuo. In another experi- 
ment, palladium sponge, heated to 200° in a current of hydrogen and 
allowed to cool slowly therein, afterward yielded 686 times its volume 
of the gas ; while a piece of electrolytically deposited palladium heated 
only to 100° in hydrogen, afterward yielded, apoa ignition in vaeuo, no 
less than 982 times its volume of the gas. The lowness of the tempera- 
ture at which, under favorable circumstances, the absorption of hydro- 
gen by palladium could thus be effected, soon suggested other means of 
bringiug about the result. For example, a piece of palladiam-foU was 
placed in contact with a quantity of zinc uodergoiug solution in dilute 
sulphuric acid; and, on subsequent examination, was found te have 
absorbed 173 times ite volume of hydrogen. Again, palladium, in the 
forms of wire and foil, was made to act as the negative pole of a Bun- 
sen's battery effecting the electrolysis of acidulated water ; and in this 
' manner was found to absorb from 800 to 950 times its volume of hydr«- 
gen in different experiments. 

Palladium being thus chargeable with hydrogen in three diffierent 
ways — namely, by being heated and cooled in an atmosphere of the gas j 
by being placed in contact with zinc dissolving in acid, i. e,, with bydro- 
gen in the act of evolution ; and, lastly, by being made the negative 
electrode of a battery^Kwrrolatively, the charged metal could be freed 
from ite occluded hydrogen by exposing it to an increase of temperature 
in air or vacuo; by acting onitwith diffierent feebly oxidizing mixtures; 
and by making it the positive electrode of a battery. 

The palladium, when charged to ite maximum, was frequently found 
to give off a small proportion of ite hydrogen, though with extreme 
slowness, at ordinary temperatnres, both into the atmosphere and into 
a vacuum. But not until the temperature approached 100° was there 
auy appreciable gas-evolution ; which, above that point, took place with 
a facility increasing with the temperature, so as to be both rapid and 
complete at about 300°. Since, however, the transmission of bydrogeu 
tiirough heated palladiam is a phenomenon of simultaoeons absorption 
and evolution, it follows that the property of palladium to absorb hydro- 
gen does not cease at 300°, or indeed at close npon the melting-poiut of 
gold — the higbest temperature at which Mr. Graham's experimeute on 
transmission were conducted; but whereas the maximum absorption of 
hydrogen by palladium tekes place at comparatively low temperatures, 
the velocity of transmission was observed to increase, iiL& nwidi ratio, 
with the increase of temperature, indefinitely. ' - I'A-^'-^'-'J^^^ 



PBOFESSOB THOMAS OBAHAM's SCIENTIFIC WORE. 213 

As regards the removal of hydrogen tmm palladinm by oxygeoaots, 
fbe gas of the charged metal was fonnd to manifest all the chemici^ 
activity of hydrogen in thevascent 8tat«. Thns it reduced eoiTosive 
snblimate to calomel, combined directly with free iodine, converted 
ferrid into ferro cyanides, destroyed the color of permanganates, &e. 
Moreover, the spongy metal, charged with hydrogen and exposed to the 
air, was apt to become suddenly hot, and so completely discharged, by 
a spontaneous aerial oxidation of its absorbed gas into wat«r ; while the 
hydrogen of a piece of charged palladium wire was often capable of 
being set fire to, and of burning continuously along the wire. 

Lastly, the reversal of the position of the palladium plate in the 
decomposing cell of the battery afforded a most ready means of com- 
pletely extracting ita hydrogen. Iudee<l, for some time after therever- 
ea], while hydrogen was being freely evolved from the negative pole, no 
oxygen was observable on the surface of the palladium plate, now made' 
the positive pole, through its rapid oxygenation of the absorbed 
hydrogen. 

As regards the extent of the absorption of hydrogen by palladinm, it 
was fonnd, as already indicated, to vary considerably with the physical 
state of the metal, whether fused, hammered, spongy, or electrolytically 
deposited, for example. In one case, previously referred to, a specimen 
of electrolytioally dejKeited pnlladinm, heated to 100°, and then slowly 
cooled in a continuous current of hydrogen, was found to occlude 0S2.11 
times its volnme of the gas, measured cold, In this case the actnal 
weight of palladium experimented with was 1.0020 gram, and the 
weight of hydrogen absorbed . 0073 gram, being in the ratio of 
99.277 per cent of palladinm and 0.723 per cent of hydrogen. The 
atomic weight of hydrogen being 1, and that of palladium 106.5, it is 
observable that the ratio of the weights of the constituents of the charged 
metal, hydrogen and palladium, approximates to the ratios of their 
atomic weights. 

In another experiment some italladium wire, drawn from a piece of 
the fused metal, was charged electrolytically with 935.67 times ita volume 
of hydrogen. Some idea of these Enormous absorptions of hydrogen may 
be formed by remembering that water at mean temperature absorbs 
only 783.7 times its volume of that most absorbable of the common gases, 
ammonia. 

A point of interest with regard to the different quantities of hydrogen 
absorbable by palladium in its different states is the gradual diminution 
in the absorptive power of any particular specimen of the metal with 
each saecessive charge and discharge of gas ip whatever way effected — 
the absorptive power, however, being partially restorable by subjectiD^ 
the metal to a welding beat 

^e density of palladinm charged with eight or nine hundred times 
its volume of hydrogen is perceptibly lowered. Owing, however, to a 
continnons formation of bubbles of hydrogen on the surfiice ^ d^e 
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charged metal when immersed in vater, there is a difflcnlty in takUig 
its exact density by compariag its respective weiglits ia air and water 
-with one another. ■ There is also a difficaltji in determining the density 
by direct nieasarement of the charged palladium when in the form of 
wire; owing to the curious property of the wire, on being discharged, 
of not merely retumiog to its original volnme, but of undergoing a con- 
siderable and permanent additional retraction. Bat in the case of cer- 
tain alloys of platinum, silver, and gold with excess of palladium, while 
the absorptive poWer of the coustitnent palladium is still manifested, the 
excess of retraction on discharge of the wires does not occur; and the 
specific gravities deducible &om the mere increase in length of wires of 
these alloys are found to accord approximatively with those deducible 
from the Increase in length of the pure palladium wire, not above its 
original length, bat above the length to which it retracts on discharge 
' %f its absorbed gas. It would thus appear that, simultaneoasly with its 
absorption of hydrogen, the pure palladium wire, unstably stretched by 
the process of drawing, suffers two opposite actions j that is to say, it 
undergoes a process of shorteuing by assuming a more stable condition 
of cohesion, and a process of lengthening by the addition to it of other 
matter — the lengthening due to the additional matter being the excess 
of the length of the charged above that of the discharged wire. In a 
particular experiment illustrative of this peculiarity, a new platinum 
wire took up a foil charge of hydrogen electrolytically, namely, 956.3 
Tolomes, and increased in length from 609J385 to 619.354 millimeters. 
With the expulsion of the hydrogen afterward, the wire was perma- 
nently shortened to 600.115 millimeters. The sum of the two changes 
taken together amounts to 19,239 millimeters, and reiiresents the true 
increase in the length of the wire due to the addition of hydrogen. It 
corresponds to a linear expansion of 3.205 in 100, or to a cabical expan- 
aiou of 9.827 in 100. The original volume of the wire being .126 cubic 
centimeter, the volume of the condensed hydrogen would accordingly 
be .01238 cubic centimeter. Then, as the churged wire, on being heated in 
vacuo, evolved 120.5 cubic centimeters of hydrogen gas, weighing .0108 
gram, the density of the absorbed hydrogen would be — 



Calculated from the mere increase in length of the charged wire above 
that of the wire originally, the density of the absorbed hydrogen would 
be 1.708; The following table gives the densities of condensed hydro- 
gen in different experiments made with palladium wire, in which the 
excess of retraction on discharge was allowed for as above ; and also 
the densities observed in experiments made with paltadiam alloys in 
which the coDtracdon on discharge took place to the original lengtlis of 
th^ wires only: 
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Wbea united with— 

Pallailinm 0.8M to 0.972 

FslUdium ana iilstlDun 0.7401 to 0.7545 

PallaUium auil t'old , 0.711 to 0.715 

Pulladiuiu and silvor 0.727 



Whether tbo absorption ofhydrogen by palladium, allojodor not with 
HnotbLT metal, was large or small, the density of the occlnded hydro- 
gen WHS found to be substantially the same. That the excessive re- 
traction of the palladium wire on the discharge of its absorbed bydro- 
gcD is not a mere efliect of heat was shown by the charged wire under- 
going a similar retraction when discliarged electrolytically instead of by 
ignition i« vacuo; and also by the original wire not undergoing any 
seusible retraction as a result of annealing. That the retraction is * 
merely in length was shown by the absence of any differeace in specific 
gravity between the original and the discharged wire. Very carionsly, 
the shortening of the wire, by successive chargings and diachargiiigs 
of bydrogea, would seem to be iuterminable. Thus the following ex- 
pansions of a particular wire, caused by variable charges of hydrogen, 
were followed, on expelling the hydrogen, by the contractions recorded 
in the other column : 





Elongation in 
luilliiuetera. 


Eetmction iq 
luilliDieters. 




9.77 

5.765 

Q.se 

3.482 


























23.99 



The palladinm wire, which originally measured 609.144 millimeters, 
thus suffered, by four successive chargings and dischargiugs of hydro- 
gen, au ultimate contraction of 23.99 millimeters, or a reduction of its 
original length to the extent of nearly 4 per cent., each increment of 
contraction below the original length usually exceeding the previous in- 
crement of elongation above the original length of the wire. The alter- 
nate expansion and contraction of palladinm by its occlusion nnd evo- 
lution of hydrogen is ingeniously sliown by a contrivance of Mr. 
Boberts, in which a slip of palladium-foil, varnished on one side, is made 
to curl and uncurl itself, as it becomes alternately the negative and 
positive electrode of a battery, or is alternately charged and discharged 
of bydrogea on its free surface. 

That hydrogen is the vapor of a highly volatile metal has frequently 
Iteen maintained on chemical grounds ; and from a consideration of the 
physical properties of his hydrogenized palladinm, Mr. G-rahaufnuisiled 
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to regard it as a true alloy of palladiam with hydrogen, or rather hydro- 
geuiam, ia which the volatility of the latter metal was restrained by 
the fixity of the former, and of which the metallic aspect was eqaaily 
dne to both of its coastituents. Although, indeed, the occlnsion of np- 
ward of 900 times its volume of hydrogen was found to lower the 
tenacity and electric condactivity of palladium appreciably, still the 
bydrogenized palladium remained possessed of a most characteristicimy 
metallic tenacity and conductivity. Thus, the tenacity of the original 
wire being taken aa 100, the tenacity of the fblly charged wire was 
found to be 81.29; and the electric conductivity of the original wire 
being 8.10, that of the bydrogenized wire was foand to be 6.99. Ia fOr- 
tber support of the conclosiou arrived at by Mr. Graham, as to the me- 
tallic condition of the hydrogen occladed in palladiam, he adduced bis 
singular discovery of its being possessed of magnetic properties, more 
decided than those of palladium itself, a metal which Mr. Faraday had 
shown to be "feebly but truly magnetic." Operating with an electro- 
magnet of very moderate strength, Mr. tiraham fonnd that while an ob- 
long fragment of electrolyticatly deposited palladiam was deflected from 
the equatona] by lO'^ only, the same fragment of metal, charged with 
604.6 times its volume of hydrogen, was deflected through 48°. Tbna 
did Mr. Graham supplement the idea of hydrogen as an invisible incon- 
densable gas, by the idea of hydrogen as an opaque, laatrous, white 
metal, having a specific gravity between 0.7 and 0.8, a well-marlted 
tenacity and conductivity, and a very decided magnetism. 
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ITnailated for ttw SmlthwoUn loatltatloD, by Pro£ C. F. SHOIB.] 

Oar aniTersity renews, on the annual return of tbis day, her grateful re- 
membruices of Charles Frederic, the enlightened prince who, at a time 
vhen the vhole estabTisbed order of Europe was rerolntionized, labored 
most zealoasly and efQeiently to improve the well-being and facilitate the 
mental development of bis people, and who clearly perceived that the 
revivnl of this nniversity would be one of the principal means for tbe 
attainment of bis benevolent object. Since it is my dnty on this occa- 
sion to speak of oar whole nniversity as its representative, it is proper 
to review the connection between tbe sciences and tbeir study in gen- 
eral, as far as may be possible, from the circDmscribed poiiit of view of 
an individual observer. 

It would seem indeed, to-day, as if tbe mutual relations of all sciences, 
in virtue of which we unite tbem nuder tbe name of a univerHtas Utter- 
artint, had become looser than ever before. We see the scboIarsBf onr 
times absorbed in a study of details of such immense magnitude that 
even tbe most industrious cannot hope to master more than a small 
portion of modern science. Tbe linguist of tbe last three centuries 
found sufficient occupation in the study of Greek and Latin, and it was 
only for immediate practical par])oses that a few modern languages 
were learned. "Sow, comparative philology has set for itself no less a task 
than to study all tbe languages of tbe liuman race, in order to deduce 
ftom them the laws of tbe formation of language itself, and its votaries 
bave brought immense indostry to bear upon this gigantic work. Even 
vitbin cte8«^I philoUtgy they do longer confine themselves to tbe stndy 
of those writings which, by their artistic finish, the cleacness of their 
thoughts, Or the imxwrtance of their contents, bave become the models 
of the poetry and prose of tdl times ; the philologists are awoi'e that 
every lost fiagmeut of an ancient writer, every remark of a pedantic 
grammarian or of a Byzantine court-poet, every broken tomb-stone of a 
Boman official that is found in some remote comer of Hungary, Spain, 
or Aftica, may contain some information or proof of importance ia its 
proper place, and hence a large number of scholars are occupied in the 
'gigantic task of collecting and cataloguing ail remnants of classic anti- 
quity BO that they may be ready for use. Add to this the study of kit- 
larieai sources, the examination of parchments and papers accumulated 
in States and towns, tbe colleotiou of notes scattered through me- 



■■yGoo^lc 



218 ON THE BELATION OF THE 

moirs, corresiKiDdences, and biographies, and the deciphering of the 
hieroglyphics and cuneiform inscriptions ; add again to these the contia- 
ually and rapidly augmenting catalognes of minerals, planta, and animals, 
living and autediluvian, and there will be unfolded before our eyea a 
mass of scientific material sQfflcieut to malie us giddy. In all these 
sciences, researches are pushed forward constautly in proportion to the 
improvement of our means of observation, and there is no perceptible 
limit. The zoologitt of the last century was generally satisfied with de- 
scribing the teeth, fiir, formation of the feet and other external charac- 
teristies of an animal. The anatomist, on the other hand, described the 
anatomy of man alone, as far as be could gain a knowledge of it by 
means of the knife, the saw, the chisel, or, perhaps, of iiyections into 
the tissues. The study of human anatomy was even then considered 
an extremely extensive and difficult branch of scieuce. To-day we are no 
longer cont^it with what is so-called descriptive human auatomy, which, 
although iucorrectly, is considered as exhausted, but comparative an<U- 
omy, i. e., the auatomy of alt animals, and miscroscopic anatomy, both 
sciences of unlimited scope, have been added and absorb the interest of 
the observer. 

The four elements of antiquity and of medieval alchemy have swelled 
to sixty-fonr* in onr modern chemistry ; the last three have been discov- 
ered according to a method originating in our university, which leads us 
to expect other similar discoveries. Not only, however, bas the number 
of theelemeots increased estraordinarily, but the methods for producing 
complex compounds have been so greatly improved, that what is so-called 
orfianie chemistr;/, which comprises only the combinations of carbon with 
hydrogen, oxygen, nitrogen, and a few other elements, has already be- 
come a separate science. 

"As many as the stars in heaven," need to be the patural expression 
for a number which exceeds all limits of our comprehension. Pliny 
considered it an undertaking bordering on arrogance when Hipparchus 
commenced to number tbe stars and determine their positions. Kever* 
thelees, the catalogues of stars up to the seventeenth century, which 
were made out without the use of telescopes, contained onljr from 1,000 
to 1,500 stars of the first to the third magnitude. At present they are 
engaged at the different observatories in extendlug these catalogues 
dowQ to the tenth magnitude, which will malte a sum total of more than 
200,000 fixed stars in the whole heavens ; and these are all to be noted 
down, measured, and their places determined. The immediate conse- 
quence of these observations has been the discovery of many new planets. 
Of these only six were known in 1781, while at present we know seventy- 
flve-t When we pass in review this gigantic activity in all branches of 

* With lodium, recently discovered, uxty-flTO. 

i In the latter part of MoTember, 1864, tbe eighty-second of the aeteTolds, Alcmene, 
VM discovered. Add to this the eight large planets, and the whole number of plaaets 
known nill amount to ninety. [1871, 130.] 
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science, the rash projects of moD are, indeed, apt to astoniah aad fi'ight«n 
08, like the choras in Antigone, when it exclaims, 

" Mach IB snrprisiDg, but noaglit mote BDrpfisiug than man." 
Who can overlook the whole, keep the connecting threads in his hand 
and find his way through the labyrinth. The immediate and natural 
conaeqaence is that every investigator is forced to 'choose a field of 
labor constantly becoming more circumscribed, and to confine himself 
to a bat imperfect acquaintance with the rest. We are now inclined to 
laagh when we hear that in the seventeenth century Kepler was called 
to Gratz to discharge the duties of the chair of muthematius and Jtiorul 
science, or that at the beginning of the eighteenth century Boerhave 
held at the same time the professorships of botany, chemistry, and clin- 
ical medicine, which, of course, included also pharmacy. Kow, wo need 
at least four and in many nuiversities even seven or eight teachers for 
all these branches. The same is the case in other departments of 
science. 

I have the more reason to consider the connection between the difTer- 
ent sciences here, because I confine myself to the circle of natural sciences, 
which have latterly been accused of pursuing a course isolated from other 
sciences, correlated through mutual philological aud historical studies, 
and of having become estrauge'd from them. This indeed has long 
been perceptible, and seems to have been developed, or rather brought 
to notice, onder the influence of the philosophy otMegel. At the end of the 
lafit century, under the philosophy of Kant, such a separation had not 
been pronounced. His philosophy was on equal footing with the nat- 
ural sciences, as EaiiVa own labors in natural science demonstrate, 
eepecially hia cosmogooic hypotheses, based on Jfewton's law of gravi- 
tation, which was later generally received under the name of the theory 
of Laplace. Kant's critical philosophy was calculated only to investigate 
the sources and basis of our knowledge, and to create a standard for the 
intellectual labors of the different sciences. A law fonnd a priori by 
pure thought, could, according to his doctrine, become only a rule for a 
method of thinking, and could not have any positive or real significance. 
The philosophy of identity was bolder. It proceeded from the hypothesis 
that the real world, that nature, and the life of man, were the Result of the 
thoughts of a creative mind, which mind was similar to that of man. 
Accordingly, the human mind might undertake, even without the guid- 
ance of external experience, to think over again the thooghta of the 
Creator, and to find them agaiu, through its own inner activity. In this 
sense the philosophy of identity endeavored to construct d priori the 
material results of the other sciences. This might succeed more or less 
easily with reepect to religion, law, political economy, language, art, 
history, and, in short, in all sciences which are developed chiefly from a 
psychological basis, and. which are therefore classified under the name 
of mental adencea. The state,, the church, art and langnage, have for 
their object the satisfaction of certain spiritual and mental wants of 
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mao. Althoagh external obstacles, the forces of natare, accident, 
rivalry of otber men, frequently exertA distarbing influence, the endeav- 
ors of a human mind perseveringly parsning its object must, in the end, 
preponderate and triumph over planless hinderances. 0nder these ciiv 
cnmstances it woold not be impossible to lay oat a priori the course of 
development of mankind with regard tx> the above relations, especially 
when ^e philosopher has already considerable empirical material at his 
command with which he can combine his abstractions. Segel was ma- 
terially aided in his attempts to solve this question by the deep philo- 
sophical iuBight into history and aoienoe which the philosophers and 
poets of the immediately preceding time had gathered, and which he 
needed only te arrange and combine to produce a system full of astonish' 
ing discoveries. In this miuiner he succeeded in gaining the enthusias- 
tic applause of the m^ority of the scholars of bis time, and in exciting 
fantastical hopes for the solution of the profoundest mysteries of 
hnman life ; the latter all the more because his system was veiled in 
cnrionsly abstract language, and was, perhaps, really understood and 
appreciated only by a small number of bis admirers. 

The foot that the constmction of the principal results of the mental 
sciences was more or less snccessfhl, was, however, no proof of the cor^ 
rectnesB of the hypothesis of identi^ from which HegePs philosophy pro- 
ceeded. On the contrary, the &cts of nature would have been the 
means of famishing decisive proof. It was a matter of course that 
traces of the activity of the human mind and of ita stages of develop- 
ment must be found in the mental sciences. If nature reflected the re- 
sult of the thoughts ef a similar creative mind, the comparatively sim- 
pler forms and processes of nature could the more easily be furanged 
into systems. But it was just at this point that the philosophy of iden- 
tity failed, we may say, completely. The natural philosophy of Segel, 
to naturalists at least, appeared absolutely senseless. Among the many 
excellent naturaliste of that time there was not a single one who could 
accept his ideas. Bnt it was of the greatest importance to Beg^ to 
obtain the same appreciation here that he had foand so abundantly la 
the other sciences. He waged an unusually passionate and bitter contro- 
versy, directed especially against Seaton, the first and greatest repre- 
sentative of Bcientiflc research. He taxed the naturalists with narrow- 
mindedness, and they in their tnrn accused their opponent of absurdi- 
ties. The naturalists began to lay stress upon ih.e assertion that their 
labors had been free fh>m all philosophical influences, and soon many of 
them, including even men of great eminence, condemned all philosophy, 
not only as useless, but even as injurious vagaries. We cannot deny 
that ah>ng with the uqjast claims of the philosophy of Segel, to snbor^ 
dinate the other sciences, ita just claims, to criticise the sources of 
knowledge and determine a standard for intellebtoal labors, were thrown 
overboard. 
In the mental sciences the effect was difTerent, although it Anally led 
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to the Bame resolt In i^ braaches of science relating to religion, the 
state, law, art, and \anga&ge, enthusiastic followers of Segel arose, 
each of whom songht to reform their branch according to his doctrine 
and to gather rapidly in a speoolative way the fruits, which until then 
could only be obtained by means of slow and tedious labor. Thus it 
was for a time that a sharp and well-defined antagonism existed betweeii 
the physical sciences on the one side and the mental Bcieuces on the 
other, and not infrequently was it denied that the ionaes possessed the 
characteristics of a science at all. 

The bitterness which existed between tiie two did not, however, last 
long. The physical sciences proved to every one, by a rapid series of 
brilliant discoveries uid applications, that they contained a healthy 
germ of onosoal productiveness. It was impossible not to esteem and 
appreciate them. In the other departments of science, conscientious ia- 
veetigatora of facts soon raised objections against the preaumptous Ica- 
ma-Sight of speculation. Tliat these philosophical systems produced a 
beneficial effect is however unmistakable ; we cannot deny that since 
the appearance of the works of H^l and Schelling, the attention of 
inveetigatora of the different branches of mental sciences has been 
directed more pointedly and more perseveringly to their intellectual im- 
pwt «id scope than in preceding times, and that therefore the lesolts of 
that philosophy have not been entirely in vain. 

In a m^asore as the empirical investigation of facts became more 
prominent in the other sciences, tbe contrast between them and the 
physical sciences was diminished. Although this contrast had been 
exaggerated throagh the iuflueuce of philosophy, we cannot deny that 
it is founded upon the nature of things, and that it will assert its claims. 
It lies partially in the kind of meutal labor involved, and partially in the 
aubjects of the sciences, as their namee, physical and mental sciences, 
indicate. The physicist will find some difficnity in explaiuing a compli- 
cated process of nature to a philologist or a lawyer.- It would require 
on their part abstractions from the appearance of the senses and dex- 
terity in the use of geometrical and mechanical aids, in which they could 
not easily follow him. Artists and theologians, on tbe other hand, would 
perhaps find the naturalist too mnch iuoliued to mechanical and mate- 
rial explauations, which would seem trivial to them, and which might 
tend to suppress the warmth of their feeling and their enthusiasm. The 
philologist and the historian, with whom the lawyer and the theologian 
are intimately associated by their coutmou philological aud historical 
studies, will And the physicist surprisingly indifferent to literary treas- 
ures, more indifferent perhaps than la proper and good for the advance 
of bis own science. It cannot be denied, finally, that the mental sciences 
have to do directly with the dearest interests of the human mind, and 
with its creations in the world, while tbe physical sciences work with 
external matter, to which we may be indifferent, but we cannot neglect 
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becaase of tbeir great practical ntility, although they may not seem to 
have any immediate effect in developiDg the mind. 

Since the sciences have been separated into so many divlBions and 
sabdivisions, since very appreciable contrasts bare been developed 
among them, and since no one man can comprehend the whole, or even 
a considerable part of the whole, is there any nse in keeping them to- 
gether in the same iostitntion t Is the nnion of the foor facaltie« in one 
university only aremnant of the usages of the middle ages T It has been 
alleged that many external advantages are gained by sending students 
of medicine to the hospitals of large cities, students of natural sciences 
to polytechnic schools, and by erecting special seminaries and schools 
for theologians and lawyers. Let us hope that our German nuiTersities 
may long.be preserved from the influence of such an idea t That wonlp 
indeed t«ar asunder the connection between the different scienccB, a 
counection eminently important to scientific labor, and to the improve- 
ment of the material products of that labor, aa will be seen on a brief 
cousideration of the question. 

Mrst, as regards tbeir formal relations, I would say that the union of 
the different sciences is necessary to maintain a healthy equilibrium of 
the mental powers. Every science exercises certain faculties of the 
mind, and strengthens them by continual practice. But all one-sided 
development has its dangers ; it is detrimental to those faculties which 
are less exercised, it limits onr view of the whole, and leads us to over- 
estimate our own labors. He who perceives that he can perform a cer- 
tain kind of mental labor much better than other men, is too apt to 
forget how many other things there are in which they surpass him. 
Over-estimation of self — ^let no votary of science forget it — is the great- 
est and worst enemy of all soientiflo labors. How many with great 
talents have not forgotten that criticism of self, so difficult and yet so 
necessary to the scholar, or have become discouraged and lax in their 
labors, because they considered dry, persevering work unworthy of 
them, and were bent only on producing brilliant combinations and rev- 
olutionizing discoveries I How many such men have not conduded a 
melancholy life in an embittered and misanthropical state of mind, be- 
caase they failed to obtain that appreciation firom tbeir fellow-men 
which is gained only by work and success, and not by the self-compla- 
cency of genius alone. The more isolated we are, the more we are 
exposed to this danger; while, on the other hand, nothing is more con- 
ducive to efficient mental labor than to be obliged to exert all our powers 
to gain th« appreciation of men whom we ourselves tab constrained to 
aiipreciate. 

When we compare the kinds of mental activity required in different 
branches of science, we shall And certain differences due to the sciences 
themselves, although we cannot deny that every man of great talent 
has a special individual tendency which fits him for his special branch. 
It is only neoeasary to compare the works of two investigators in inti> 
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mately relnted branches, to And that the greater the men, the more 
decided is tbeir mental individaality, and the less one would be able to 
perform the works of the other. To-day we cannot, of course, go further 
than to characterize the most general ditfereoces of intellectaal work in 
the different braDcbes of science. 

I have reminded yon of the gigantic extent of the materiala of onr 
sciences. It ia clear that the great«r their extent, the more neces- 
sary it is to obtain a better and more accurate organization and arrange- 
ment, in order not to become hopelessly lost in the labyrinth of learning. 
The better the order and system, the greater may the nccnmalatton of 
details become without iqjoring the connection. Oar time becomes all 
the more profitable in working out details, beoanse our predecessors 
hare tanght oa the organization of science. 

This organization consists, in the first place, in an external mechan- 
ical arrangement, as found in onr catalogaes, lexicons, registers, indexes, 
hterary reviews, yearly reports, digests of laws, systems of natural 
history, etc By the aid of these we gain only becaase all knowledge which 
it is not necessary to keep constantly in mind can be found at any mo- 
ment by those who need it. 

By means of a good lexicon a student of a preparatory school can 
accomplish much in the study of the classics that must have proved 
difficult to Urasmm, in spite of life-long reading. Works of this kind 
are, as it were, the scientific capital of mankind, with the interest of 
which the bnsiness is carried on. We might compare them to capital 
invested in lands. Like the earth, of which the lands are composed, the 
knowledge contained in these catalogues, lexicons, and indexes looks 
httle inviting, and the ignorant cannot appreciate the labor and exiiense 
htvished on these acres ; the work of the plowmau seems excessively 
difScuIt, laborious, and tedioas. Although, however, tbe work of the 
lexicographer or of the compiler of systems of natural history requires 
as much perseverance and diligence as that of the plowman, it muetnot 
be believed that it is of a subordinate or secondary nature, or that it is 
as dry nnd mechanical as it looks aJterward, when the catalogne lies 
printed before us. Every siugle fact must be discovered by attentive 
observation ; it must afterward be verified and compared, and the im- 
portant must l>e separated from the unimportant. None can do this 
but those who have a clear understanding of the object of the collection . 
and. of the intellectual import of tbe science and its methods; and for 
snoh men every single fact will be of peculiar interest in its relations to 
the whole science. Otherwise such work would be the most intolerable 
drudgery that could, be imagined. That the progressive development 
of science has its infiuence on these works also is seen in tbe fact that 
new lexicons, new systems of natural history, new digests of laws, new 
catalogues of stars^ are constantly found necessary. They testify to the 
progress of tbe methods and the organization of knowledge. 
But onr knowledge must not remain idle in the form of catalogaes; 
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for the fact tbat we must have it abont as in thia form, black npon 
white, proves that we hare not mastered it intellectnally. It is not saf- 
flcient to be cognizant of &u:tB ; science results only ttom a knowledge 
of their laws and causes. The logical elaboration of these foots consists 
in collecting together those which are similar ander one common head. 
Thas are formed generic ideas, which take their place in oar thinking. 
We call them generic ideas when they comprise a namber of existing 
things, and laws when they comprise a series of phenonnena or processes. 
When I have discovered tiiat all the mammalia, i. e., all warm-blooded 
animals which bring forth living yoang, breathe by means of Innga, 
have two chambers of the heart and at least three anricnlar bones, I need 
no longer remember these pecaliarities separately for the ape, the horse, 
the dog, or the whale. The general nile includes an immense number of 
individual instances and represeuts them in the memory. The law of the 
refraction of light does not only include all case? where rays fall, at 
different angles, upon a smooth surface of water and show the result, 
but all cases where rays of any color strike a snr&ce of any kind of any 
transparent substance. This law, therefore, includes such an endless 
namber of cases that it would have been absolutely impossible to retain 
them all singly in the memory. Moreover, this law does not only in- 
clude those cases which we or others have already observed, but we do 
not hesitate to apply it to new cases, which have not yet been recog- 
nized, to predict the eflect of the refraction of light, and our expecta- 
tions will not be disappointed. In the same manner, if we should find 
an unknown mammal, that has never been anatomically dissected, we 
might conclude almost with certainty that it had lungs, two heact- 
chaml>ers, and three or more auricalar bones. 

While we thns generalize the facts of our experience into classes and 
laws, we not only reduce our knowledge to a form in which it is more 
easily used and remembered, bi^t we actually increase it, since we can 
extend the rules and laws thus found to cases which may come to our 
notice in f utnre. 

In the above examples the generalization of facts presents no diffi- 
culty, and the whole process is obvions. But in complicated cases we 
do not succeed so easily in separating the similar from the dissimilar, and 
in forming clear, sharply defined ideas. Suppose we know a. man to be 
ambitious; we may predict, with tolerable certainty, that, if this man 
be placed in certain conditions, he will follow the promptings of his 
ambition and choose a certain course of action. But we can neither 
define with certainty how an ambitious man is to be recognized, nor 
how his ambition can be estimated, nor can we ascertain how great it 
most l>e to lead him, under certain circamstances, to adopt a certain 
line of action. We compare the observed actions of one man with those 
of other men who have acted similarly in similar cases, and draw our 
conclusion as to the result of fhture actions, witboat having either our 
miyor or our minor premise clearly defined, and even without being 
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aware tbat our predictions are fonnded on the described comparisoii. 
Oar opiniou, iu sucli cases, proceeds from a certain psycboTogical fact 
and not from a conscious atgament, althongh, iu the main, the mental 
process was the same as in the instance where we predicted that the 
nevly discovered mammal woald have loDgs. 

The latter kind of indnction, which cannot be carried oat to the 
eompIet« form of a logical ayllogism nor to the establishment of general 
laws, plays a very great part in the lives of men. The whole development 
(^ oar sensations is based apon it, as can be proven by an investigation of 
iUosions. When, e. g., the nerves of oar eye are dietorbed by a blow, we 
have a senaatiou of light, becanse, during onr whole life, the optic nerve 
had been affected only by light, and we had been accustomed to identify 
the sensation of the optic nerve with the action of light, a habit which, 
in the present case, leads qb to an incorrect conclusion. The same kind 
of indaction plays the principal part in psychological procesBes, on ac- 
count of the extreme complexity of the influences which determine the 
fonuation of a man's character or momentary state^f mind. Iu fact, 
by asserting that we are tree agents, i. e., tbat we have the power of 
acting according to onr own free will and choice, without being forced 
by a strict, inevitable law, we deny the possibility of referring back at 
least a part of the manifestations' of onr soul to an inflexible law. 

We might call this kind of indaction artMtic induction, in contradis- 
tiuction to logical induction, which produces sharply defined, general 
concIusionB; because it is pre-eminently apparent in the flueBt works of 
art It is an essential part of artiatic talent to be able to reproduce 
the external characteristics of a character or state of mind by means of 
words, forms, colors, or aonnds, and to comprehend instinctively the 
operations of the soul -without being guided by any tangible rule. On 
the contrary, wherever we become aware that the artist has consciously 
worked after general rules and abstractions, we find his production 
commonplace and our admiration ceases immediately. The works of 
great' ai-tists, however, depict to us characters and operationa of the 
mind with such vivacity, such profusion of individufU traits, and auch 
convincing truthfulness, that they seem superior to real life, because 
no disturbing influences have entered. 

When we examine the sciences with regard to the manner in. which con- 
clusions must be drawn In each, we are struck by a f\indamental difT^- 
ence between the natural and the mental sciences. In the natural 
sciences, indqction may uanally be continued until we obtain decided 
general rulea and laws, while in the mental sciences deductions i^m 
psychological tact preponderate. So in the hiatorical sciences,, the 
sources of facts muat first be verified, and, when the facta ate estab- 
lished, the more difficult and more important labor begins of investi- 
gating the complicated and various motives of peoples and individuals. 
Both must l>e done chiefly through psyohological consideration. The 
psychological sciences, in so £ar as tiiey have to do witli the explaiuKtida. 
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and emeoclatioD of the texts transmitted to us, and with the histOTyof 
Uteratnre and art, require an intaitiTe percepdou of the seose of as 
author and of the secondary meaning of his words ; they require a correct 
appreciation, both of the individuality of the author and of the genius 
of the langnage in which he wrote. AH these are instances of artistic 
and not of logical induction. We can ouly form oar judgment, if a 
large number of similar fitcts is ready in the memory to be qnickly 
bionght into relation with the quostioa before ns. One of the first 
requirements for this kind of studies is, therefore, a reliable and ready 
memory. Indeed, many celebrated historians and philologists have ex- 
cited the astonishment of their contemporaries by the power of their 
memories. Of course, the mere memory would not suffice without the fac- 
ulty of quickly perceiving analt^es, or without aflnely developed ap|»«- 
ciation of human emotions ; and this latter requisite cannot, perhaps, be 
acquired without a certain warmth of feeling or an interest in observing 
the emotions of others. While oar intercourse with our fellow-men in 
every-day life must fttmisb the basis for these psychological reflections, 
the stndy of history and art serves to supi>Iement and enrich them, since 
both show us men acting under unusual circumstances, and teach uS 
the whole extent of the powers that lie slumbering in our bosoms. 

The above-mentioned sciences, witli the exception of grammar, gen- 
eially do not succeed in obtaining strict nniversal laws. The laws of 
grammar ate established by the human will, although it may have been 
unconsciously and without a premeditated plan, but developing as the 
need of them was fdt They appear, therefore, to the learner of the 
language as laws established by extraneous authority. 

Intimately connected with philology are theology and juriapradenoo, 
whose preparatory and auxiliary studies in fact belong to the circle of 
philological sciences. The general laws, which we find in both, are also 
such as have been established by extraneous authority for our belief 
and mode of action as regarded ftom a moral or judicial point of view, 
and not laws like those of nature, which state the generalization of a 
mass of facts. Like the application of a law of nature, however, to a 
particular case, the application of a grammatical, legal, moral, or dogmat- 
ical mle, is made in the form of a conscious logical syllogism. The 
rule forms the m^gor premise, and the minor premise must show 
whether the case in point fulfills the requirements of the rule. The 
solution of this latter process, as well in grammatical analysis for 
explaining the sense of a sentence as in a legal consideration of the 
truth of facte, the intentions of agents or tbe sense of their writings 
must aeain be of a psychological natare. We cannot deny, however, 
that both the syntax of civilized languages and the system of our juris- 
prudence, perfected by a practice of more than 3,000 years, have at- 
tained so high a degree of logical finish and consistency that cases not 
coming oleariy under their laws are exceptional. Of course, there will 
always be such cases, because human laws can never hope to become as 
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perfect and comprehensive aa the laws of nfttnre. In snch caaes we 
have DO other altematire bat to divine the intention of the law-giver 
ttom the analogy of the laws for similar cases. I 

Grammatical and legal stadies have certain advantages for cnltivat- 
ing the mind, becaase they aniformly exercise Its different facnlties. 
The edncation of the modem Europeans is, for this reason, based 
especially upon the grammatical stody of foreign langnages. The 
mother tongae and foreign langaages, that are learned by practice alone, 
do not exercise logical thonght, althongh they may teach us artistic 
beaoty of expression. The two classical languages, Greek and Latin, 
m common with most ancient and original langaages, have the advantage 
of an extremely artistic and logical development, and of taW and dis- 
tinet inflections, which clearly indicate the grammatical relation of 
words and sentences. By long use langaages become worn down, 
giamraatical forms are sacrificed for practical brevity and rapidity of 
utterance, and the result is greater indistinctness. This is clearly seen by 
eomparing the modem European languages with the Latin. The wearing 
down of inflections has proceeded farthest in English. This seems to 
me to t>e the reason why modern languages are less fit for educational 
purposes than the ancient. 

As grammar is best adapted to the education of yonth, so are jurid- 
ical studies a means of culture for a matarer age, even where they are 
not immediately necessary for practical use. 

The extreme opposite of the philological 'and historical sciences, as 
ftr as the hind of intellectnal labor involved is concerned, is foand in 
the natural sciences. I do not mean to deny that, in many branches of 
tbeae aciences, an instioctive perception of analogies and a certain 
artistic tact play a conspicnoas part. In natural history it is, on the 
eoDtrary, left entirely to this tact, without a clearly definable mie, to 
determine what characteristics of species are important or unimportant 
for pnrpoees of classification, and what divisions of the animal or vege- 
table kingdom are more natnral than others. It is furthermore signifl- 
caot that Goethe, i. e., an artist, has first suggested comparative ana- 
tomical investigations of the analogies of the corresponding organs of 
dilterent animals, and also of the analogous metamorphosis of leaves 
in the vegetable kingdom, thus determining materially the direction 
which comparative anatomy has since taken. Bat even in these 
branches, where we have to do with the efi^ts of vital processes, as yet 
not anderstood, we can generally form comprehensive ideas and dis- 
ooverclear laws more easily than in cases where onr jadgment depends 
i^KMk an analysis of the actions of the soul. The peculiar scientific 
character of the natnral sciences appears most sharply defined in the 
experiment^ and mathematical branches, especially in pure mathe- 
iiMties. 

The essential difference between these sciences, in my opinion, con- 
wta in that it ia comparatively easy in the latter to unite individoal 
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cases which have come under onr observation or experience, under gen- 
eral laws of absolute correctness and extensive application, while in the 
former sacb generalization usaally presents ins^nuoantable difiScnlties. 
Indeed, in mathematica, the geiferal laws called axioms are so few, so 
comprehensive, and so evident that tbey require no proof. The whole 
of Ijie pure mathematics is developed out of tbe following three axioms : 

" Two magnitudes equal to a third are equal to each other. 

" Equals added to equals produce equals. 

" Unequals added to equals produce uuequals." 
- The axioms of geometry and of theoretical mechanics are not mora 
numerous. These sciences are developed out of these few axioms by 
employing every obtained conclusioD in working out subsequent cases. 
Arithmetic is not conflued to the addition of a finite number of magni- 
tudes, but teaches iu higher analysis even to add an infinite number of 
Doagnitudes, which increase or decrease in value according to the most 
varying laws; in other words, to solve problems which could never be 
done by direct methods. Here we see theconsciouslogicalotwration of 
our mind in its purest and most perfect form ; here we learn the whole 
labor and great care with which it must proceed, the accuracy necessary 
to determine the full value of discovered general laws, the difficulty of 
forming and understanding abstract ideas ; but we also learn at the 
same time to gain confidence in the certainty, scope, and froitfuluess of 
such mental labors. 

The latter becomes still more obvious in applied mathematical sciences, 
especially in mathematical physics, to which must also be added phys- 
ical astronomy. After Kewton had once recognized, from the mechan- 
ical analysis of the motions of planets, that between all ponderable matter 
there exists an attraction, inversely proportional to the square of the dis- 
tance, this simple law was sufficient for calculating fvith the greatest pre- 
cision all the motions of the planets to the remotest periods of past or 
future time, if we only have the place, velocity, and mass of the various 
bodies of our system given for some point of time. We even recognize 
the effects of the same force in the motions of double stars, whose dis- 
tance from us is so great that their light is years in reacbiug us, and in 
those whose distances have never been saccessfiilly measured. 

This discovery of the law of gravitation and of its consequences is 
the most wonderiU efibrt of logical power of which the human mind baa 
ever been capable. I do not assert that no men possessing powers of 
logical abstraction as great or greater than those of Newton or of the 
other astronomers, who led the way to or developed bis discovery, have 
ever lived } but that there has never been a better opportunity than that 
of solving the confused motions of the planets, which bad before served 
only to foster a belief in astrology among the uneducated, and which 
were now brought under a law that was able to account for the slight- 
est details of their motions. 
Other branches of physics have also been developed aocordiog to tfae 
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above great model, especiallr optics, electricity, and magnetiBm. The ex- 
perimental sciences have the advantage over the rest, that they can at 
will vary the conditions under whidh a result takes place, and may tfaas 
confine themselves to the observation of comparatively few character- 
istic cases in order to determine the law. Its correctness must, of 
ooDTse, be verified in more complicated cases. Thus the physical sciences 
have advanced with comparative rapidity after the correct methods had 
once been determined. They have not only enabled as to look back into 
the distant past when the cosmical nebulfb were consolidated to stars 
and became incandescent by the power of their aggregation ; not only 
to investigate the chemical constituents of the solar atmosphere — the 
chemistry of the most distant fixed stars will probably soon become 
known also* — ^bnt they have taught us to avail ourselves of the forces 
of nature for our own benefit. / 

From what has been said, it is sufficiently evident how diifecent the 
mental labor is in the two classes of sciences. The mathematician needs 
no memory at all for individnal ^ts, and the physicist but little. Sup- 
powtions based or the recollection of similar cases may be useful in 
ittdicatiog the right direction, but they become valuable only when they 
have led to a precise and marked law. There is no doabt that we have 
to do in nature with unvarying laws. We must, therefore, work on 
nntil we have discovered them. We must not rest until we have accom- 
plished that; for it is then only that our knowledge obtains its triumphs 
over time and space, and over the forces of nature. 

The solid work of conscious argument requires great perseverance and 
care ; it ia generally slow, and is but rarely advanced by flashes of 
genins. We find in it little of that readiness with which the memory of 
tiie historian or philologer recalls past experiences. It is, indeed, the 
essential condition of methodical progress of thought that the mind 
must remain concentrated upon one point, undisturbed by side issues, 
by wishes or hopes, and proceed only according to its own will and 
determination. The celebrated logician, Stuart Mill, asserts as his con- 
viction that the inductive sciences have done more in modem times for 
the progress of logical methods than philosophy itself. One great cause 
at this may be, Uiat in no department of knowledge is a mistake of 
reasoning detected so easily by the erroneonsaess of the result as in 
these sciences, where we can most readily compare the results of our 
reasoning directly with the actual facts. 

Although I have asserted that the natural sciences, and especially 
their mathematical branches, have come nearer the accomplishment of 
tlieir scientific mission than the other sciences, I do not wish to be charged 
with underrating the latter. If the natural sciences have attained 

* Host lDt«Nating diMoveries have ftlieod; been made. Tbey are found la tlie wodc 
of W.Haggins and W. A. MiUer, pnblished April, 1864, ia nblch theanalysiaof ^[d«- 
baran and a Orion is given, and proof fDmished that certain nebal» aie llicandeMMn 
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greater perfectiou Id tbeir ecientiflo form, the meatal soiences have tiie 
advantage that they have treated a richer subject^ and one that is of 
more intimate interest to mau, namely, tlie buDian mind itself, with its 
various desires and operations. They have the higher anil more dtffl- 
calt task ; bat it is clear that the example of those branches of knowledge 
which have advanced further by reason of their easier sabject-matter, 
must not be lost to them. They may learn methods from them and 
derive enconragemeat &om the abundant harvest of tbeu* results. I 
believe, indeed, that our times have already learned much from the 
natural sciences. The great respect for fkcts and accurate collectioas, 
a certain distrust of appearances, the striving after the discovery of 
unvarying laws which distinguish our times from former time, seem to 
indicate such an influence. 

How far ipatbematical studies, being the representatives of conscious 
logical thought, should obtain a greater influence in oar educational 
systems, I will uot here cousider. That is mainly a question of time. 
As science becomes more extended, system and organization must be 
improved, and students will find themselves obliged to pass tbrongh a 
severer coarse of thinking than grammar is able to afford. What I 
have particularly noticed in my own experience with students who 
pass from our grammar-schools to scientific and medical studies, is a 
certain laxness in the application of strict universal laws. The gram- 
matical roles to which they were accustomed are usn^y furnished witti 
long lists of exceptions ; the students are, therefore, not used to trusting 
the certainty of the legitimate consequence of a general law withont 
reserve. Secondly, I flnd them too much inclined to seek authorities 
where they might be able to tbrm an opinion of their own. In phi- 
lological studies, the scholar who can rarely overlook the whole field, 
and who frequently most depend upon an testhetio perception of 
elegance of expression and of the genius of the language which reqtuie 
long culture, will, even by the best teachers, be referred to authorities. 
'Boib errors proceed trom a certain sluggishness and an nnceitainty of 
thinking, which will disqualify the student for later scientific studies. 
Mathematical studies' are certainly the best remedy for both; in them 
there is absolate certainty of inference, and there is no authority but 
onr own reason. 

So much for the mutually supplementing tendencies of the mental 
labors of different sciences. 

But the acquisition of knowledge is not the only object of man on 
earth. Although the sciences awaken and develop the most subtle 
powers of the human mind, yet he who studies only for the pnrpose of 
knowing, does not fulfill his destiny on earth. We often see highly 
gifted men who are by some fortune or misfortune placed in comfortable 
circumstances, without ambition or energy for action, drag out a tedioas 
and unsatisfactory life, while they believe that they are carrying out 
the ot^ject of tjieir existence by increasing their knowledge and devd- 
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<^Bg their minds. Action alone uiuobles a man's life, and bis aim most 
therefore be either a practical application of his knowledge or an in- 
crease of science itself. The latter is also conducive to the progress of 
hnmaaity, and this leads ns to the consideration of the connection be- 
tweeu the subjects of the sciences themselves. 

Knowledge is power. No time demonstrates this more clearly than 
onr own. We learn how to make the forces of nature, as found in the 
inorganic world, subservient to the needs of human life and the pur- 
poses of the human mind. The application of steam has increased the 
bodily power of man a thousand and even- million fold; weaving and 
spinning machines have relieved man of labor whose monotonous regu- 
larity served only to stultify the mind. The intercourse of mt^n with its 
material and intellectual consequences, has increased to a point which 
would never have been dreamed of when our parents were born. Bat 
it is not only by machines that human force is multiplied, and it is not 
only (m cast-steel rifled cannon, and iron-clad vessels, or on supplies of 
provisions and money that the power of a nation depends, althou^i 
these things have bo unequivocally asserted their influence, that even 
the proudest and most unyielding absolute governments of our time 
have been obliged to remove the shackles from industry and grant a 
political voice to the laboring classes. It is also the political and judi- 
cial organization of states, the moral iliscipline of individuals, which 
prodaces the preponderance of the civilized nations over the uncivilized, 
so that the latter are doomed to inevitable destruction if they cannot 
acquire civilization. Here everything acts reciprocally. Where there 
aie no established laws, where ^e interests of the minority cannot as- 
sert themselves, there can be no development of national wealth and 
power. He alone can become a good soldier in whom a sense of honor 
and independence have been developed nuder Just laws, and not the 
tlave, who is sulyect to the whims of a capricious master. 

For this reason every nation, from motives of self-preservatiou alone 
aad without considering more ideal requirements, has an interest in 
I fostering not only the natural sciences and their technical applications, 
but also the political, legal^ and moral sciences, with all their subserv- 
ient historical and philological branches. No nation, wishing to pre- 
serve her independence and influence, can afford to remain behind. 
The civilized peoples of Europe are conscious of this. The public aid 
given to universities, schools, and soientiflc institutions far exceeds all 
that was done in this respect in former times. We also can boast again 
this year of a liberal donation by our government.' I spoke in my in- 
troduction of the increasing division and organization of scientitic labor. 
Is fact, men of science form a kind of organized army, endeavoring, for 
the good, and indeed mostly by the commission and at the expense of 
the whole nation, to promote such knowledge as tends to the increase 

* UeanB for erecting new bnil^ugH for Kientifio iDBtltatea, and smaller sums for boa* 
pitals and s«ologiMl «oU»ctionB. ^ -. ■ 
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of industry, wealth, tbe comforts of life, and to the iraprovemeat of the 
political organization and the moral development of her citizens. Of 
course, we mast not ask for immediate, apparent benefit, as the aneda- 
cated are so apt to do. Everything that gives us information concern- 
ing the forces of nature or the powers of the haman mind is valuable, 
and will ultimately prove useful, often wheu we least expect it Who 
could have thoagbt when Qalvani touched the thighs of tcogB with dif- 
ferent metals and saw them twitch, that eighty years later, Europe 
woold be traversed by wires, carrying news with the rapidity of light- 
ning from Madrid to St. Petersburg by means of the same agency, 
whose first indications that anatomist observed t Electric currents in 
bis aud at first also in y<rita's hands, were of the feeblest kind, and 
could only be peroeived by tMe most delicate instruments. K their in- 
vestigation had then been abandoned because it was nnpromising, the 
most important and interesting oonnection between the natural forces 
would to-day be wanting. When young Galileo, while a student at Pisa, 
observed a swinging lamp in church, and found by counting his pulse 
that the duration of the oscillations was independent of the size of the 
arc, who could have foreseen that by means of this discovery we wonld 
obtain clocks measuring time with an accuracy then deemed impossible, 
and which wonld enable the mariner, tossed by storms on the remotest 
waters of the earth, to determine his longitude? 

He who expects an immediate practical benefit in his study of science,' 
may be pretty sure that his pursuit will be in vain. Perfect koowledge- 
' and understanding of the action of the powers of nature and mind are 
all that science can attain. The individual investigator must find suffi- 
cient reward in the pleasure of making new discoveries, victories of 
thought over refractory matter ; tn the sestbetical beauty afforded by 
well-ordered knowledge, where a perfect connection exists between all 
its parts aud the whole shows the controlling power of the mind ; and 
in the consciousness of having contributed to the ever-increasing stock 
of knowledge on which the dominion of man over inimical force depends. 
He cannot, indeed, expect always to find appreciation and reward ade- 
quate to the value of his works. It is true that many a one to whose 
memory a monument has been erected, would have been happy had be 
received the tenth part of its cost in money during his lifetime. But we 
must also remember that the value of scientific discovery is much more 
readily nud cheerfully appreciated by public opinion than formerly, and 
that cnscs where authors of material scientific progress are allowed to 
suffer want have become more and more rare; that, on the contrary, the 
governments and people of Europe have recognized the duty of com- 
pensating pronuneut men of science by corresponding positions or na- 
tional rewards provided especially for the purpose. 

The sciences have then a common cause : to make the mind rule the 
world. While the mental sciences work directly to make intellectual 
life richer and more interesting, to separate the pure from the impnie, 
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the oatnral sciences labor indirecUy toward the aame goal, by endeavor- 
ing to free man more and more from external necessities. Every single 
investigator performs his part and chooses Bach tasks as are most saited 
to his mental endowments and caltnre. Bat every one must remem- 
ber, also, that he is able "to farther the great work only in cot^nDction 
with the rest, and that it is therefore his duty to make the resnlts of 
bis labors as clear and as accessible to them as possible. Then he wilt 
find assistance in others and they in him. The annals of science are 
rich in proo& of such mutnal relations between sciences apparently the 
most remote. Historical chronology is based upon astronomical calca- 
lationa of eclipses of the sao and moon, recorded in ancient histories. 
Conversely, many important .data in astronomy, sach as the time of 
levolntionof many comets, are baaed upon old historic records. Lat- 
twly, BrUcke and other physiologists have foand it possible to build ap 
a system of all articulate sounds of which the human organs of speech 
aie capable, and to base npon it suggestions for a nniversal alphabet 
. adapted to all human languages. Here, then, physiology has entered 
the service of the science of language, and has furnished the explana- 
tion of many cnrioas changes of sound, which are determined not by 
the law of enphony, as bad been before supposed, bnt by a similarity 
in the positions of the organs of speech. The science of language, in 
return, throws light upon the ancient relationship, separation, and 
migrations of tribes in prehistoriotimesandon the degree of civilization 
to which they had attained before their separation ; for the names of 
Uioee objects which they coold name then, are found to be common in 
later languages. Thna the study of language furnishes us with the 
history of times of which we have no historical documents. Let me 
furthermore remind yon of the assistance which anatomy can afford 
Ae sculptor and the archseologist who examines ancient statues. If I 
may be permitted to refer to some of my own latest works, I will men- 
tion that it is possible to demonstrate the elemente of our musical sys- 
tem by tlie physics of sound and the physiology of its sensation, a 
problem belonging entirely to aesthetics. The physiology of the organs 
of sense is most intimately connected with psychology, because it 
proves results of psychological processes in the perceptions of sense 
which do not come within the scope of conscious reflection, and must, 
therefore, remain concealed iVom psychological self-observation. 

I could only mention here the most striking examples of the mutual 
relations of sciences and those which required the fewest words, and 
was, therefore, obliged to choose those existing between the most 
remote branches. But the influence which each science exercises over 
the one nearest akin to it is, of coarse, much greater. It is self'^vident; 
it requires no illustration; you all know it Axim your own experience. 

I therefore consider every individual as a laborer at' a common great 
work, touching the noblest interests of the whole human race ; not as 
one striving to satisfy his desire of knowledge, or his own advantage, 
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or to shine hy displajing bis own abilities. The true scientist will sot 
want tbe reward of bis own conscience nor the appreciation of bis Ged- 
tow-men. To fceep alive the oo-operation of all investigators uid the 
relations of all branches of science with each oth^ and to their common 
object ia tbe great mission of nuiversities ; it is, therefore, necessary 
that in them the fbar faculties should always go band in baud. We will 
CDuatantl; endeavor, as far as in as lies, to labor in this great caose. 
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Among the vaiioas qneatioDS whose scientific explanation is tbe 
province of animal physiology, none bas perhaps excit«d the intereet 
of the people, as well as of scliolara, to a higher degree than the propa- 
gation of organisms. 

While in former times cattiralists entertained the most various opin- 
ions and hypotheses, or iudnlged in the most chimerical speculations, 
modem science, armed with more perfect knowledge and greatly im- 
proved instruments, and more familiar with methods of exact research, 
has gradually succeeded in shedding some light on these mysterious 
processes. 

These processes in general consist iu this, that certain bodily coustitn- 
cnta are from time to time separated trom individual beings, and are 
developed into others of the same species. If the action of a second 
animal substance is necessary on such separated germs, which then 
riiow the characteristic structure of eggs, and are called ova, the process 
is called sexual propagation or generation ; but if tbe genu under favor- 
able exterual circumstances may l>ecome a new befhg without such 
action, this more simple though less general process is called unsex- 
oal or agamic reproduction. 

To the latter belongs a series of phenomena to which I have the honor 
of directing your attention this evening ; phenomena which have been 
accurately studied and verified only within the last two decades. A 
law has been established of tbe highest importance, not only to zoology 
hut to all natural science, which has t>een named that of "Alternate 
Qaieratvm and Partkenogeneait." 

It was the brilliant Danish naturalist Steenstrup who, in the cele- 
brated essay on "Alternate Generation," (Copenhagen, 1842,) first showed . 
the way that would lead to a satisfactory explanation of tbe complicated 
phenomena attending the multiplication of the lower>fonu8 of animal 
life. 

By alternate generation, Steenstrup nnderstood the power of an animal 
(rfproduciugprogenydifierlug from the mother, but itself capable of pro- 
ducing young, which again return to the form and character of the first 
parent ; so that the daughter would not resemble tbe mother, but tbe 
grandmother^ Sometimes this returu to the original form occurs only 
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in the third, fonrth, or yet farther removed generations. The peon- 
liarity of this phenomenon not only cooBistsin the altematioa of different 
progeny, but also in that of sexual and sexless reprodnctioa. One gen- 
eration may consist of sexually developed males and females, and bear 
yoDDg from eggs, and the next may be sexless, and may bring forth 
young by fission, by buds or genus. These animals capable of agamic 
propagation were called nurses by Steenstrup, because it is their function 
to provide for the alimentation and development of the sexual animals, 
^e number of sexless intermediate generations, as well as their degree 
of development and organization, difTers in difTerent species. They 
either possess provisory or temporary organs, anil are therefore larvie, 
or they are folly developed individaals, and already show the coDstruc- 
tion and mode of life of the sexual animals. The sexless larvs of 
animals, such as butterflies, which undergo simple metamorphosis, are 
distinguished from our nuTses by their inability to multiply by agamic 
reproduction; so that we may, according to Leackart, consider alternate 
generation with nurses as a metamorphosis combined with aganlic repro- 
duction. 

Alternate generation, very aptly called metagmetia by R. Owen, was 
first observed in the salpfe, a kind of mollusks which are as remarkable 
for their form as for their mode of life. They belong to the tunicata, 
and are found in great numbers in the ocean, the Mediterranean, and in 
all southern seas. They swim aboht s little below the surface, and pre- 
sen t the appearance of ovid or cylindrical bodies, cieax as crystal, moving 
about either isolated or united in long chains, by taking in water and 
expelling it again. 

Onr German lyric poet, Obamisso, remarked, in his voyage around the 
world, that the isolated salpce conld not bo members of a severed chain, 
because they did not resemble the individuals of the latter. He further- 
more recognized that the solitary salpss always containecf a progeny 
resembling the chain, while the individuals of the latter contained a 
fcBtus formed exactly like the solitary salpfe. Ghamisao published hia 
interesting observations in ISld, at Berlin, in an essay entitled De 
animalibtu quibutdam e olaase vermium linntsana, Faac. I. de Salpa, in 
wbicb he expressed the view that the solitary ealpm proceeded from the 
individuals of the chain and the latter from tiie solitary ones. Gha- 
misso's discovery was but little appreciated at first; it was even ridi- 
culed as the vagary of a poet, until it was brilliantly defended by 
Steenstrup iu 1^, and confirmed and expanded later by the accurate 
Investigations of other zodlogists. We know now that the loosely con- 
nected chain is composed of hermaphrodite sexual animals, generating 
an embryo nsnally tmm one egg only, which remains connected for a 
time with the mother by means of a hind of placenta, and is nourished 
by it until, having attained a considerable size, it escapes and forms the 
solitary or isolated salpa — the only case of viviparity among the toni- 
. cata. The solitary salpa then generates a chain of sexnally developed 
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iodivictnals by gemmation from buds,- which take the place of male 
and female organs of geaeratioo, and thus represent their nurse. 

On the coasts of the North and Baltic Seas immense swarms of clear, 
watery, bell-shaped creatures may be perceived in snmmer, swimming 
slowly around below the calm surface of the water, with their convex 
sorface upward and their concave downward. These are the Aurelia 
aurita, L., a species of acraspedote, or un&inged medusa, some of which 
are mole and some female, as is the case in alt medusee. The sexual . 
organs are rufde-like folds on the inner skin of four bags or folds in the 
gastrical cavity, which open ontward at the bottom of the stalk. By 
simple ciliary motion the seed of the male passes into the bags of the 
female and fecundates the eggs. These then pass out iuto the folds of 
the tentacles, where tifaey are developed to embryos, which are provided 
with a very tender covering of cilia, and move about freely in the water 
like infusoria. This phase of evolution was formerly considered as a 
separate species, called planula. Soon, however, the cilia foils off, and 
the animalcule, thus deprived of its locomotive organs, sinks to the 
bottom, attaches itself to firm objects, and grows longer. In the free 
end a cavity soon appears, which gradually increases and is developed 
into a month, from which wart-like excrescences or papillae shoot out 
and are afterward converted into tentacles. The animal has now the 
appearance of a polypus ; and it was, indeed, formerly so considered, 
and called hydra tuba. After some time — perhaps months — a circnlac 
depression is seen Just below the crown of tentacles, followed by others 
behind it. These depressions become deeper aud deeper, and short 
projections appear in their edges, which afterward also develop into 
tentacles. The whole now bears a distant resemblance to the so-called 
itrobila, or fir-cone, or to a set of dat cups resting on a columnar foot, 
the polypus. The separate divisions of the. strobila are the origin of 
the future medusa. They develop more and more, one after another, 
separate froQi their pedestal, and afterwards attain their permanent 
form, size, and maturity. They now turn the convex surface by which 
they were attached, upward, whilrfth© mouth, which was before turned 
np, now points downward. In the aurelia there is, therefore, an inter- 
mediate or nurse generation during the twiypns stage, in which the 
animal is multiplied in an agamic way by gemmation and fission. 
Each of the individuals so produced is again developed into a sexual 
medusa. 

In medusie of lower organization belonging to the hydroids, which 
Gegenbaner has called craspedote, because their disk is provided with a 
velum, a similar kind of alternate generation takes place, with the ex- 
ception, however, that the polypoid nurse reaches amnch more advanced 
stage of independent development after leaving the ovum. It grows to 
a stalk of considerable size, and puts forth numerous polypns-bnds. It 
is only when the colony has attained a high degree of development that 
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the aexnal animals are formed, whidi separate from the staik, awim 
about independently, an<1 deposit their eggs in remote spots. 

In other hydroida the norse acqaires a still greater importance. In 
them, as in oar sveet-wat«r polypi, the sexaal progeny appeara only in 
the shape of globular appendages, which are not capable of being 
evolved into independent animals, but remain attached to the polypns- 
Btalk, and resemble organs for the production of the sexaal secretioaB. 
We may with Gegenbaner call this latter form of alternate generation 
imperfect metagenesis. We see another remarkable instance of it in 
the peculiar many-shaped colonies known as Siphonopk&ra, which Bwim 
abont freely in the sea, and of which the vraya dipheya, Blaine, occnrring 
in the Atlantic and the Mediterranean, may serve as an example. From 
the transparent ovum of this animal a ciliated larva is hatched. The 
plastic material contained in the body of this larva or nnrse is then difTer- 
entiated into a locomotory piece, (the posterior of the two swimming- 
bella at the beginning of the stalk of a ripe colony,} and an appendage 
which afterword becomes the second bell and the common stalk of the 
whole colony. The individuals now bud forth from this stalk in a fixed 
order, but do not separate. They remain so connected that their abdom- 
. in^ cavities all open into the canal passing through the common stalk. 
These individuals are not by au; means formed alike, nor do they serve 
the same physiological pnrpose. The principal of the division of labor, 
wiiich is carried ont in the solitary animals so that their organs become 
constantly more nnmerons and more perfect, is here 4tpplied in sncha 
manner that the various functions of animal life, motion, alimentation, 
defense, and aggression, as well as sexual reproduction, which is other- 
wise confined to single individuals, are here distributed among all the 
• animals of the whole colony. In every tuft along the stalk, which some- 
times numbers as many as fifty of them, we distinguish nourislters in t^e 
form of trumpet-shaped appendages with orifices called snction-tnbes ; 
aggressors, in the form of long contractile filaments or tentacles furnished 
with microscopic weapons (nettle-cells) at their knobs ; defenders, in 
the form of stiff scales or helmets attached to the nonrishers for pnr- 
poses of defense ; reproducers, developed after all the rest, in the form of 
racemons diiecious capsules swinging in small (special) swimming-bells. 
By the alternate contraction and expansion of the bell-sbaped swimmer* 
at Hie upper end of the colony, (th© base,) with which the smaller spe- 
cial swimming-bells move in time, the whole colony is propelled throngh 
the water. 

In a few other species, the pkysaUdee and veUf^ida, the sexaal ani- 
mals separate from their nnrsing stalk and have a short, independent 
existence like the medusa. 

The alternate generation of some of the intestinal worms is attended 
by the most wonderful and extraordinary circumstances. The most 
curions opinions have prevailed autil very lately about their origin aBd 
reproduction. 
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On acconnt of tfaeir TariouB wanderiDgs through different aDiioal 
bodies, the trematodes, and more especially certain species of the genna 
iSatoma, so called on acconnt of two snckers or stomata on the flat part 
at their bodies, are of peculiar interest. From the egg of the distoma 
a ciliated embryo, resembling infusoria, is produced, which swims aboat 
in the water, attafihes itself to certain aweet-water snails, (Limnteas, 
Planorbis, &c.,) and penetrates, into their bodies. There it grows, loses 
hs cilia, and develops a mouth and an alimentary tnbe. Ita contents 
aggregate into cellnlar heaps, which gradnally assume a definite shape, 
and are converted into small animals. These essentially possess tbe 
strootnre of mature trematodes, but are sexless and have a tail-like ap- 
pendage ; they increiase slowly iu size and expand the worm wbioh 
eimtains them, and which aeema to have no other function than to pro- 
tect them and promote their development, ». e., to act as their nurse. 
When completely developed they pierce the envelope of their nurse 
and move about freely in the body of the snail nntil they pass through 
this also, and glide through the water with a winding motion by means 
of their tail. In this form they had long been buown to naturalists 
under the name of cerearia, Nits; but their relation to the trematodes 
was nnkuown until quite recently. Tbe cerearia afterward seeks a 
new host among the many inhabitants of the water, (fish, mollusks, 
crabs, tnsecMarvse, etc.,) penetrates tbem by means of its proboscis, 
and there loses both its tail and the sting of its proboscis, as no longer 
neoessary to its new mode of living. It is now converted into a distoma. 

If the animal finds alt the conditions necessary to its perfect evolu- 
tion in its new h(Mt, it continues to grow until it has attained maturity. 
If this is not the case, it remains small and sexless, snrroands itself 
with a transpareut ^ell, which it secretes from the surface of its own 
body, and remains in a state of rest and inactivity like a papa nntil its 
host is eaten np by a Ifffger and stronger animal. Hence we find it in 
Ae intestines, the gall-bladder, the biliary ducts, the kidneys, etc., of 
bi^r animals, especially of mminants, {in the liver of sheep, cattle^ 
goats, and deer;) also in asses, hoga, hares, etc., and in rare eases in 
man. (DitUmta h^paticvm, L.; Distoma Amnotoftttm, Silkarz.*} 

Sometimes it happens that the progeny of the worm-like nurse does 
Bet immediately assume the form of the cerearia, but that of the mother. 
In that case an intermediate generation of larvs is produced, which 
dht aa nurses of the ceicaria, so that the worm resulting from the em- 
loyo might be called the grand-nurse. 

Thus the numerous and fertile multiplication of germs by meaua of 
agamic reproduction counterbalances the difQculties and obstacles 
which these animals have to enconnter in their various migrations 
ttarongfa other organisms before they reach their perfect fbrm. 

Formerly the tapeworm was considered nothing more than a simple 
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animal having a head and an articnlated body. Siace Steenstrop's 
time, however, and especially through the more recent investigations of 
T. Siebold and van Beneden, we know it to consist of a chain or colony 
of differently-formed individnala. The larger posterior joints (the bo- 
called progloUides) represent the organs of generation, and contain 
many thousand eggs in their ramified ovaries. In these, microscopic 
embryos are developed, which are discharged when the ripe joints &U 
off with the excrement of the host. The embryos do not then leave the * 
eggs at once, bat remain in their envelopes, which are well fitted for re- 
sisting putrefaction or chemical agents, until the eggs are accidentally 
swallowed by some (nsnally an herbivorous) animal. In the int«stinee 
of the latter the embryo forces its way throngb the egg-envelope, 
softened by the digestive juices, pierces the intestinal walls and neigh- 
boring tissues, until it reaches a vein and is carried by the blood to 
more distant-organs, in whose parenchyma it remains. After losing its 
embryonic hooks, the tape-worm larva grows to a bladder of varying 
' size, along the walls of which numerous buds {the later " heads") arise 
in such a manner that the hollow body of the tape-worm head extends 
into the bladder. Such colonies were long known and considered as 
different species of animals. When one of them gets into the intestines 
of a larger animal, the head or bud provided with books and suckers 
is turned inside out, the bladder is digested, and the joints of the tape- 
worm (the real sexual, hermaphrodite individual) begin to grow behind 
the head. The reproduction of the tape-worm, therefore, passes through 
three different phases : The worm-like embryo or grand-nurse, the so- 
caJled tape- worm head or nurse, and the mature sexual animal. 

With the exception of the salpse, we have so far only considered cases 
of metagenesis where the nurses are in the form of larvas. In the arthro- 
pods, among the diptera, we also find such nursing larvfe — an entirely 
new and remarkable phenomenon first discovered in the fall of 1861 by 
^Nicholas Wagner, professor of zoology, in Kasan. It produced no small 
excitement among zoologists, and was the cause of so much astonishment 
that V. Siebold himself designated it as hardly credible on receiving, 
after some delay, Wagner's essay in the " Zeitschrift fiir wissenschaftlicbe 
Zoologie," 1863, vol. xiii, p. 513. Wagner could not then describe 
clearly the insect-larva which he had recognized as capable of reprodnc- 
tion, and v. Siebold took it from the illustrations to be a cecydomyde 
larva. Not long after, however, Dr. F. Meinert,* of Copenhagen, not 
only fully confirmed his beautiful discovery, but extended it by proving 
the different phases of development up to the imago, which Wagner t 
had meanwhile also accurately investigated. Meinert calls it the muu- 
tor metraloaa, but according to the later researches of our excellent 
dipterologist. Dr. Schiner, reported to the imperial zoological-botanical 

* Zeitsebrift At wisMiiaobaaUalie Zoologie, vol xir, p. 394. 
t Vol. IT, p. 106. ,^ , 
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society iu Febniary, 1865, it hardly seetna to differ from the geDns> v 
Iteteropeza Winnertz. BeprodactioD taltes plaee by means of gennK*- 
From seren to ten of these arise oat of the accnmnlated plastic material 
in the body of the " mother-larva," and develop to " daaghter-larvro." 
The former ia thereby gradually destroyed, and the progeny tears ber 
skin and passes ont After three or five days the same process of 
germination begins in the new tarva, and this continnes from Angnst 
to June, when all the larvie of the last generation simultaneously pass 
iDt« the pnpa state. After three or foor days the perfect insect, a 
email reddish-brown fly, emerges ftom the pupa. The correctness of 
these observations was afterward verified by v. Bser and v. Siebold, 
and Professor Alexander Pagenstecher, of Heidelberg, observed the 
game thing in another speciea and accurately described it* ' 

Metagenesis, with mature individuals as nnrses, is exemplified among 
the arthropods by the ajriiides. As early as the middle of the last cen- 
tviy, Charles Bonnet t had already communicated exact observations on 
the peculiar and remarkable mode of reproduction of the aphides, (plant- 
lice;) niese well-known enemies of our gardens and green-honaes cover' 
the leaves, shoots, and branches of certain plants In thick swarms, and 
defy all our exertions to get rid of them by their extreme fecendity. 
Daring the snmmer there'is a series of nine or ten' generations of fully- 
fwmed bnt sexless animals, or nurses, which bring forth living young 
without fecandatioD, and even without the presence of the male. Bm- 
bfyoe are formed immediately from germa, which do not show the stmo- 
ture of tme ova. They separate from peculiar tubes (germinal tabes) 
and develop in the body of the moth^. In antamn the next to the last 
graeration produces sexually-developed males and females, which really 
cohabit. As in most insects, the male then perishes, while the female 
1^ eggs, which hibeniate and prodace a new race of nnrses the following 
spring. The anatomical examination of these animals, which was first 
nndertaken by v. Siebold, and afterwards confirmed by Leidlg, shows 
that the viviparoas iadividaals fu« well developed, and resemble the 
oviparons females of the last fall generation, bat that they are sexless 
nurses, becauses they lack the seed-bladder belonging to all female in- 
sects, and are, therefore, incapable of reoeiving the male seed. 

All the phenomena of alternate genwation were also called "Parthmo- 
gausU^ by the excellent English anatomist, Bicbard Owen, in lS49,t 
and this name, although somewhat inappropriate, was generally received 
on aecoant of its eaphony. When, however, the surprising discoveries 
of the last few decades put in qnestion the theory that " every tme egg 

* Zeitaobrift fllr wiwedschafUicbe Zoologle, xir, p. 400. Farther investigation of 
Ihia inbject is ominmiioBted by Lenckart, in Troacliel'H Axcliiv., year XXXI, No. 3. 

tTr^t^ d'iDaMtologie, tome I: Parts, 1845. 

IOd PBrthenogeneais; a diaeotttM Introdnotot; to the Hnnterian Lectnrw on gen- 
cntion and dtfrdoproent fi>i 1849. Ddlvei^ at the Royal College of gn^eons of 
England: London, 1B49. / ~ i 
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cannSt be developed into a new individual, (animal or plant,) onleas it 
has been pteviously fructified by the action of the male seed," it seemed 
expedient to confine the tenn "parthenogenesis'* to the new phenomena. 
In this sense it was first ased by the ingenious founder of this important 
hew theory, the distingaished zoologist of the Manich University, 
Karl Theodor v. Siebold, in his paper on "True Parthenogenesis in But 
terdies and Bees; an Essay on the Beproduction of Animals. Leipsic, 
1856" 

Parthenogenesis or virginal generation, according to Siebold, com- 
prises "those phenomena which demonstrate that true ova may be de- 
veloped into new individuals withont the fecnndating intervention of 
the male seed." 

There is-no want of observations of former times according to whidi 
the eggs of virgin insects were stud to have produced new individuals, 
but they were considered errooeons. Zoologisbs doubted that they were 
made ^th proper care, and attempted to explain them in different forced 
ways, finally classing them nnder metageuesia. Among them are the 
communicatioiis of Be Oeer on Qie psycbides, and of Herold on the silk- 
worms. In 1845 the celebrated apicnltnrist, K. Dzierzon, a Catholic 
priest at Karlsmarkt, east of firieg, in Pmsaian Silesia, emphatically 
maintained in the "Bienenzeitnng," p. 113, Uiat the egge from which 
. the male bees or drones originate are produced and deveh>ped by the 
sole inherent power of the mother bee vithont the action of male seed. 
This view at first seemed simply incredible to apiaiists; they anpposed 
that be bad either deceived himself or intended to mystify others. Bat 
when Dzierzon reiterated his statement he was severely attacked, and 
the dispnte continned for a long time. ' 

Until 1852 Dzierzon stood aloheagaiuat their attacks, but nndaaated, 
unconqnered. He could fall back on the experience of many years. 
Every oue knowa that there are queens which prodnce only ni^e pro- 
geny or drones, and never lay an egg firom vhich matore females, 
queens, or stinted females, workers are developed ; that there are others 
which may lay female eggs for a time bat afterward become like the 
former, and that finally there are worker-bees which lay eggs, which 
give birth only to male individuals. 

Among the first-class Dzierzon A«quently fonnd beeb whose wings 
were lame. They were thus prevented from making their hymeuial 
flight from which they wonld otherwise have returned impregnated. 
Other queens which laid male eggs irom the beginning were batched 
either very early or very late in the year, at a time when there were 
either no more or only very few drones left, bo that their flight was in 
'vain. Queens which at first laid normal eggs and afterward produced 
only drones were older individuals, whose stock of seed bad become grad- 
ually exhausted. Worker-bees, which sometimes lay eggs and never 
have any other male progeny, have never been and are indeed incapa- 
ble of being impregnated. From these facts Dzierzon concluded that 
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impregnatioD was QDoeceBsary to the production of drones. That in 
coinmon normiil generation, Trhare the qneen returns impregnated from 
her flight, the drones are developed from nnfecnndated eggs, i. e., from 
those through whose micropjles tiie spermatozoa have not penetrated, is 
proved by Dzierzon from the following fact: -After the introduction of 
the Italian bee, (opw ligurica,) distinguished by the light color of its poa- 
terior abdomen, all the young drones from an Italian queen and a Qerman 
Gather were true Italians, while the female progeny were clearly nixed. 

The coDvincing truth of these facts and the logicial conclusions drawn 
firom them at last brought such eminent bee-masters as Pastor Georg 
Kleioe, of Liiethorst, in Hanover, and August v. Berlepscb, of Seebach, 
near Gotha, into Dzierzon's camp; but they found no entrance as yet 
into zoological science, because these practical men were unable to fur- 
nish the properscieutifioproofto physiologists, who either did not know 
or purposely ignored these pheaomeoa. 

^e important discovery of the micropyle of the insect-egg, made 
almost simultaneously in 1854 by Meisaner,* of Q&ttiugen, and Leackart,f 
of Giessen, raised the hope of the apicnlturists, and seemed to make it 
probable that Dziereon's views would be proved by scientiflic men. At 
the thirty-first meeting of German naturalists and physicians, held at 
Gottingeo in 1851, Pastor Kleine succeeded in winning Professor 
Leockart for bis cause just as the latter had demonstrated his beautiful . 
discoveries about the eggs of insects. Leuckart had never been able 
toobt^D any bee-eggs, and was then for the first time, according to 
his own confession, initiated into the mysteries and problems of bee-life. 

The first direct proof of the existence of real parthenogenesis was 
furnished by Leuckart in the "BienenzeituDg," 1855, p. 127, wherebe 
oommnnicated the results of the microscopic examination of a queen-bee 
sent him by Baron Berlepscb. This qneen had been batched in Sep- 
tember, 1854, a time when no drones existed. The next spring she had 
filled fifteen hundred cells with male progeny. On dissection it became 
evident that the queen bad not been impregnated. She was a normally 
formed female with seed-ponch and eggs; but instead of spermatic fila- 
ments the former contained a perfectly clear liquid, devoid of granules 
or cells, j ust as in the pupte of queens. 

In order to establish Bzierzou's view fully it still remained to be proved 
that in impregnated queens laying normal eggs, the males are also 
developed from nufecundated eggs. For this purpose Baron Berlepscb 
invited Professor Leuckart to Seebach, where he could institute micro- 
scopic investigations. Leuckart went there willingly, but be could not 
obtain a definite result, in spite of all his long continued exertions. K. 
Th. V. Siebold, who went to Seebach a few months later, by invitation* 
at Baron Berlepscb, and resumed Leuckart's researches, was more snc- 
eessfol. He worked in vain for three days and declared that nothing 

' ZoitMsbrift fUr niueQscbnftUcbe, Zoologle, vl, S72. 

t Archiv. flir Anntomie a. Pliysiologin, I^Tk"), p. 90. , ^^^ ^^ OoOQ Ic 
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could be discovered by means of tbe microscope. He was to retam 
next morniug, aod tbe carriage was already before tbe door, vhea lie 
appeared before the baron and asked permission to remain one day 
longer. He stated that he bad been unable to sleep on acconnt of bis 
want of success, and that'a oew method bad occnrred to bim, which be 
desired to try.* This method succeeded perfectly, and v. Siebold very 
frequently saw seed-filaments (thirty-oue times iu fifty-two, and in two 
of these cases mobile) in the interior of the bee-eggs. But these sperma- 
tozoa were found exclusively in female eggs, and were entirely wanting 
in the male.t We therefore owe to Siebold's wonderful observations 
and laborious experiments the definitive establishment of Dzierzon's 
theory that the drone-e^gs are developed parthenogenetioaily without 
impregnation by the male seed. This fact, abundantly confirmed by 
many accurate and oft-repeated investigations, and also by liCuckart's 
valnable work,{ must now be received as scientifically established. 

When parthenogenetical reproduction was thus undoubtedly proved 
in bees, the above-mentioned more ancient statements were carefally 
re-examined. In tbe Solenobia triquetrelia and the Solenobia Uehenella 
belon^ng to the moth family, it was found that the females (wbiob were 
brought up from tbe caterpillar stage in a closed box) laid Dumerons 
eggs soon after leaving the pnpte, and that these eggs produced small 
caterpillars. V. Siebold dissected such moths before and after they 
laid their eggs, and found their ovaries constituted exactly like those 
of other female butterflies, but not a trace of male spermatozoa could 
be discovered.§ The eggs could not therefore be impregnated, and 
must undergo siwntaneous development. 

Of the remarkable apterous butterfiy, Psyche helix, Siebold, whose cat- 
erpillar makes a spiral bag, do one has yet been able to find the male, 
although it has been sought for over fifbeen years. And yet these fe- 
males annually lay their eggs in the pupa envelope, which remains be- 
hind iuthe caterpillar bag, and in thefall these produce the caterpillars. 
On dissection, true eggs with micropyle, a seed-vessel, but always with- 
out male spermatozoa, and a copulating pouch are found. These pecu- 
liarities preclude tbe opinion that the psyche female is only a nurse. 

V. Siebold and Scbmid furthermore succeeded repeatedly in obtain- 
ing caterpillars from the eggs of a virgin silkworm, and from those of 
the Smerinthus, which became pnpie and emerged as perfect male and 
female insects. 

A. Barthelemyll also confirms the existence of parthenogenesis in 

* Bieiienzeitung, 1863, p. 9St!t. 

t Tru« PftTt)ieDo.goDMiB, et«., p. 111. 

t Zar EenntniudM OeoetfttioDB wechaslsaad dei PsrthenogeDeHe, etc., Ftaukfort, 
ie&8, p. 51. 

i AIm Lockait, Unn, p. 45. 

I £tudea et CooildtiratioDa Q^DiSntles enr la Pulb^nug^niM, (Aonoles des SciencM 
Nntnraks, XII,n307.) ^- i 
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Bombyx mori, and fiiroisbea various proofs. He also observed the lay- 
ing of Doimpregnated eggs by otber bntterflies, vhiuh are hatched if 
they belong to the first generation of the year, but never survive the 
winter. 

Jonrdan* also observed true parthenogenesis in the silk-worm. 

At the fofty-seveath meeting of 8wis3 naturalists at Sumaden, de 
Filippi reported that healcby caterpillars were batched from the eggs of 
the Japanese silk-butterfly, although they bad certainly not been fe- 
cuudateil, and mentioned a similar observation of Curtis oa the Bombyx 
aUaa. 

lu curtain species of coccides Leuckart (p. 36) also found partbeno- 
genetical generation. In the Lecanium and Ai^idiotaa, for instance, the 
eggs are developed in tabes without being previously impregnated, and 
tbe spermatozoa are entirely wanting. In the genus Cbermee (CA. o&t'efu, 
Eaitenb., Ch. lariois, Harlinff, Ch-pieece^ Babsb., PhylUxera coaHnea,ffeyden) 
of the plant-lice, having, according to Leackart,t both a winter and a 
winged summer generation, which latter was erroneonsly taken for 
malea by Ratzeburg, reproductitm proceeds by meaus of eggs without 
previous impregnation. Leuckart examined two hundred animals, and 
sever fonnd males but always females, and they virgins. Males do not 
seem to exist, or if they do, parthenogeoetical reproduction seems to be 
the mie. Less accurate observations of the same kind were made by 
Dr. Ormerodf on the Vetpa britannica, and by Stone J on tlie Tetpa 
vulgaris, 

Ijenokart (pp. 105-107) has furthermore established the fact (hat in 
all other sociable BymenopterOf as the bumble-bee, the wasp, and the 
ant, as well as in the bee, parthenogenesis prevails. Egg-laying work- 
ers, which are exceptional with bees, are the rule with these auimals. 
Fatnre reaeardies most decide whether their progeny is always male,as 
Huber's^ observations of bumble-bees seem to indicate. No doubt we 
will also find parthenogenesis with many other insects, such as the ter- 
mites and the gall-fly. In tlie galUfly, a species of csmtju, no male has- 
yet been discovered, but only females. 

The experiments of Lievin and Zenker, which demonstrated the 
spontaneous development of the daphides, have been confirmed by J. 
Labbock. Millions of the females of these auimals, which are scarcely 
a line long, may be seen in summer moving about in cisterns and other 
standing sweet watn^. They multiply in rapidly succeeding genera^ 
tions by means of unimpregnated or summer eggs in a cavity between 

" Compt Rend., 1861, tome 53, p. 1093. 

t Trosehers ArchivM, vol. 25, p. SOtJ. SeHione*ra seetOB to have only aa oviparous 
fall generation, 
t Zoologist, 1^9; and Entomol, Anunal for 1860, p. 87. 
^Proceedings Entomological Society, 1359, p. 86; Smith in Entomol. Annaal for 
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the shell and the back of the animal, where they develop iuto iadivid- 
uals exactly TesembliDg the niot:her,aiid multiplying parthenogeaetically 
OD separating from her. Id the fall males are born, which cohabit with 
the females and produce one or two darkly-colored winter-eggs, which 
are surrounded by a second firm envelope called the ephippium, to pro- 
tect them during their hibernation. 

Although there can be no longer any doubt about the correctness of 
these facta, which have been established by the repeated, careful, and 
accurate observations of onr most distinguished zoologists, and although 
the existence of parthenogenesis among a number of articulate animals 
is proved beyond dispute, attempts are not wanting to render them sua- 
picioDB, and represent them as unreliable. Every truth differing from 
long cherished opinions is received slowly and with difSculty. 

Tigri proposed, in a paper to the Paris Academy of Sciences,* to ex- 
plain the parthenogenesis of the Bombyx mori by the supposition that 
there is a double cocoon containing two individuals, a male and a female, 
which might have copulated before leaving their shell. This supposi- 
tion would presuppose the most extraordinary carelessness on the part 
of the above-mentioned observers. It amounts to charging them with 
not being able to distinguish a double from a single cocoon, or with neg- 
lecting to examine the organs of generation and determine the sex 
of the individuals. Errors of so crude a nature would hardly be com- 
mitted by men but little acqnaintod with methods of research, much less 
by naturalists of high standing. 

Schanm* states that he cannot receive the theory of the partheno- 
. genesis of insects, and thinks he can explain it away by an hypothens 
of Pringsheim. According to this the queen-bee, and the workers 
which lay eggs, might be androgynous, and possess male organs of gen- 
eration besides their ovaries. In all cases where the skillful anatomists, 
V. Siebold and Lenckart, dissected such bees, there were no traces of 
testicles, so that the above supposition remains without foundation. 

The existence of hermaphrodite bees, which were observed by v. Sie- 
bold in the apiaries of Mr. Eugster, of Oonstanz, Bavaria,^ cannot be 
brought forward as a proof against parthenogenesis, but rather seems 
to confirm it. It was observed that the pure worker-bees drove the 
hermaphrodites out of the hive the moment they left their eggs, and did 
not even suffer them to remain on the board outside. The hermaphro- 
dites perished in a short time, and could never have reached the egg- 
laying stage, even if eggs had afterward formed in theij: originally 
empty ovaries. According to Pringsheim, every queen would have to 
be an hermaphrodite; but in the lance-winged and drone-producing 
queens, which were repeatedly examined by the above observers, uo 
trace of androgynism or of spermatozoa could be found, 

* Compt. Bend., Iv, inea, p. 106. 

t Berliner Enlom. Zeitscbrift, viii, p. 93. 

t C. Tb. V. Biobold on Androgynons Bees, ZeiUcbrift fUr wiMenacIiartliobe Zoolo^«, 
roL 3UV, No. 1, and ia tbe EichsttldteT Bienenzeituug, year xix, p. 323. 
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Df bocosky also appeared against parthenogeuesiB Id his inaugural dts- 
sertedon, "de parthenogencsi;" but his objoctions are unfounded, and 
evince neitber thorough investigation nor satisfactory knowledge of the 
subject. The same is the case with various other objections brought 
forward by the oppooeuts of parthenogenesis. Kone of them will stand 
Wat. . 

The reliability of the theory is established beyond doabt by many 
well-proved facts, and ve may rejoice that we have thus gained a new 
and highly important law for the explanation of the most vouderfol 
phenomena iu the animal kingdom. 



i by Google 



Id b, Google 



ox THE PBESB!(T BTATB OF OVB KNOWIEDQE OF CBTFTOeAHOCB PLIKTB. 



[TTBsslated tor tbt SmlthaanUo InaUtnUiin, by Fnreuor C. F. Eboeh.] 

In the last few decades niaiiy leading botanista have given especial 
attention to the study of cryptogamous plants, for they very properly 
recbgDized the importance to their science which a more perfect knowl- 
edge of the development, growth, and propagation, as well as of the Btrnc- 
tnro, of these simplest of organism would be. Through the combined 
Tabors of much talent, a large number of the most interesting dis- 
coveries have been made. An entirely new basis for this department 
of botany has been created, the previous views about seed-bearing 
plants iu maoy respects reformed, and a very general interest excited 
in the subject. For this reason it seems proper for me to report to 
this society, whose object is the diffusion of scientific knowledge, the 
prosent state of our information with respect to the cryptogams. 

It is evident that it is only possible to give a condensed view of the 
most important facts, and to consider even these only in their general out- 
lines, in the short time allotted to a lecture. 

The cryptogams were almost wholly nuknown to the ancients. Even 
Theophrastus and Pedanius Dioakoridea enumerate only twenty species 
of them in their works. In theMiddle Ages no progress was made in a 
knowlejjge of them. Attention was only paid t« a few species of crypto- 
gams, to which were attributed medicinal or magical virtues. When, 
with th» revival of classical learning and the reformation, science also 
received a fresh impulse, when BrunfeU rejected the traditions of the 
old school and turned to the study of domestic plants and thereby cre- 
ated a new basis for botanical research, botanists were too much occu- 
pied with the observation of seminiferous plants to pay much attention 
to the lower orders. It was not until the beginning of the eighteenth 
century that two men appeared who actively tooli up the study of cryp- 
togams, and who must therefore be considered as the founders of this 
branch of the science. They areAntonjoMicheli, superintendent of the 
botanic garden at Florence, and Johann Jacob Dilleuius, a Oermao, 
who later became superintendent of the botanic garden at Eltham, , 
and professor at the University of Oxford. I cannot enter into a de- 
tailed account of the labors of these two fathers of cryptogamic botany ; 
let it suffice, therefore, to indicate that they represent the two chief 
schools which still characterize the study of cryptogams to-day. 
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Micheli was an excellent morphologist for bis time, aod made some very 
interesting discoveries ia his line; Dillenius, however, was pnucipalty 
asystcmatizer; he kaevf and deacriUed almost one thousand species 
of algiB, lichens, mosses, and ferna 

At last Carl T6n Linu4 appeared on the scene. He is known to every 
man of culture as one of the greatest of botanists, and as a scholar wlio 
reformed and influenced the whole study of natural history. He pro- 
posed what is called the sexual system, under which beclassifled all known 
plants ; be introduced the nomenclature now in use ; be raised botany 
to the dignity of a true science. Occupied as he was with tbe phanero- 
gams, be found no time, and bad, perhaps, no inclination to investigate 
the cryptogams. He contented himself with dividing this, the twenty- 
fourth class of his system, into the fbur orders of ferns, mosses, algie, 
and foDgi, and dtstributiDg among them the materials furnished by 
Dilleninsand MichelL In his Species Plantarum be mentions about eight 
bnndred kinds of cryptogams, distributed among fifty genera. LinD#9 
indirect iuduence on this class of plants is mucb more important, since 
he laid down general laws which his successors were to apply in de- 
tail. The following are some of tbe prominent men who carried out 
Linux's ideas in the treatment of the cryptogams : Omelin, Turner, 
Yaucher, Dillwyn, and especially Aghard the elder, devoted themselves 
to the study of the algte. Erik Acharius laid the foundation for the 
study of lichens, and was assisted by Plorke, Wallroth, and Ernst 
Meyer. Fongi were studied by Christian Persoon, with the assistance 
of Schaeffer, Bnlliard, Bolton, and Link. Johann Hedwig inaugurated 
the study of mosses, and was seconded by Bridel, Schwagrichen, and for 
exotic mosses, by tbe elder Hooker. Ferns were made a specialty by 
Olaus Swartz, Willdenow, Kaulfuss, Schkuhr, Bembardi, and others. 
Hedwig must be considered by far the most ingenious and .eminent 
investigator of this period; be might properly be called tbe Linn6 of 
cryptoguns. His researches are read with preference. Tbe Anstrians 
especially are proud of him as their fellow-countryman. It would bccupy 
too much time to describe the researches of Hedwig and the others, 
and I most therefore deny myself that pleasure. 

If we examine what was done in the investigation of cryptogams 
during the period of the Linn^an systems, we shall find that tbe efforts 
of botanists were chiefly directed to tbe discovery of new forms, to 
make short diagnoses, and to classify them artificially according to 
certain characteristics. Hedwig and the other authors of that time 
furnish only a few though valuable data concerning their peculiarities, 
formation, and anatomical structure. It was left to the most recent 
epoch of botanical studies to unite these isolated materials into a 
harmonic whole. In this epoch, comprising scarcely more tbaa three 
decades, botany, and especially the knowledge of cryptogams, has 
made immense progress. 

The representatives of Liun4'a views had accumulated a mass of 
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eompreliensiTely airangred material. Botanists, however, gradually be- 
came conscious tfaat tbeir Hystem should not be only an arrangement of 
planta according to certain arbitrary characteristics, but tbat their 
essential peculiarities and natural relations among themselves must be 
considered in their classification; in other words, that' they must estab- 
lish a natural system. Jussien made the first successful attempt to 
build up such a system. Among the French, de Oandolle, and among 
the English, Robert Brown, the two Hookers, and Lindley perfected It. 
la Oermany, and especially in Austria, it found its most perfect ex- 
pression in our genial and renowned compatriot. Professor 8t«phaQ 
Eodlicher, with whom must be mentioned his friends and colleagues, 
Professors Fenzl and Unger, my highly-esteemed teachers. 

The (^nge which the natural system produced in the direction of 
botanical research, ever made it more oecessary to study out the laws 
of the growth, formation, reproduction, and propagation of plants j to 
And out with accuracy the relations existing between their difierent 
organs, and to investigate the origin and development of the whole 
plant and its separate parts, down to the most elementary orgauisma 
Thus morphology became a separate branch of botauy through the 
endeavors of Bobert Brown, Bdper, Alexander Brauo, Schjeiden, 
Sebacbtj Hotineister, and others. 

Morphological studies naturally led to a more accurate consideration 
of the structure and the processes of plant-life. The microscope had 
meanwhile been greatly improved, and many botanists took np this 
branch with predilection. In this way the anatomy and physiology of 
plants reached a point, tbrongb tbe excellent labqfs of Hugo von Mohl, 
TJnger, Nageli, Scbacbt, and others, which had not before been thought 
possible. 

Excursions to all parts of the world were undertaken by courageous 
investi gators, who not only enriched the science with a great many new 
forms, but rendered it possible to determine the laws of the distribution 
of plants over the whole earth ; so tbat Alexander von Humboldt was 
enabled to produce a masterly sketch of botanical geography. 

In a measure, as mutual intercourse was fiicilitated, more life was in- 
fused into scientific research ; a great number of scientiflc societies 
and periodicals were established where the results of investigations 
were deposited. So many of these publications appear now that it is 
extremely difflcnlt, if not impossible, to examine them all. During this 
great progress of botany in general, tbe cryptogams were not neglected. 
Indeed, many of tbe Dio«t thorough scholars made a specialty of 
these simplest of organisms. The important discoveries became so 
numerous in tbie department that it was entirely' revolutionized. 
I will endeavor to present to yon a condensed view of the most im- 
portant achievoments. For this purpose tbe material has been divided 
into five groups: algie, lichens, tangi, mosses, and ferus. In each of 
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these I shall first cousider the most important poiots of tlieir morphol- 
ogy and anatomy, and afterward their classification. 

We will begin with the algee. The reform in their stady was inaa- 
gnrated by two works which appeared almost simultaneously, EUtzing's 
Phfcologia univermlU and Nageli's latest algte systems. KUtzing pre- 
sents a view of his organographic and anatomical stndies, and bases 
npon them a new system of algse, illnstratiog it by means of plates. 
The Species Algarum and the TabaUephgcologicte, containing adescription 
and picture of all siieeies of algte, may be considered as snpplements 
to bis great work. Kiitziug, no doubt, bad greater facilities for the 
study of algte tbaJi almost any other investigator. Uo was the first to 
examine tbe separate organs and the structure of foci, and to found 
this branch of pbycology. He broke op the classification of tbe old 
genera, which contained a chaotic mass of tbe most different forms, 
and separated them into natnrol groups. Unfortunately, Kiitzing re- 
jected the usnal nomenclatui-e, aod employed one of his own, thus mak- 
ing his work very difficult to understand. In his dassifioation be splits 
up bis material ioto too many untenable species, making it almost im- 
possible to ezamioe tbe wbole'. 

Niigeli exerted a no less important influence on the stady of tbe al- 
gee. In his algie systems and in bis work on one-celled algte, this 
renowned anatomist shows bis UDSorpassed acnteness of observation in 
bis description of tbe stmotnre and mode of life of those small organ- 
isms which cannot be recogiiized with tbe unaided eye. He showe(^lbat 
the increase of the separated cells depends upon mathematically determ- 
inable laws. These^e developed for many species, and we may say tfaat 
be created a sore mathematical basis for the study of the algte. Siuce 
laws, valid in tbe whole vegetable kingdom, can be edaced most easily 
fh>m the algse, the simplest organisms, Niigeli's researches are of great 
vtdne to the whole science of bottuiy. Starting trom his discovered 
principles, Nageli planned ao algiB system of his own; but here he wtts 
less successful. 

Beside these two principal works, a great number of large and small 
dissertations have been published. Among these tbe following are 
tbe most important: The works of Alexander Braun on the life and 
developmentof microscopic forms, are worthy of being piticed side by side 
with those of Nageli. In them, and especially in the classical work on 
rejuvenation in the vegetable kiogdom, 1^ has produced real master- 
pieces of sbort but very attractively written. monographs, calculated to 
excite tbe interest of every man of culture. Professor Cohn, another emi- 
nent scholar, has given to the world a series of masterly and thorough 
essays on the Volvocina, which had until then been classed as animals. 
Be Barry's dissertation on tbe Conjugatca does not fall short of tbe other 
essays. 

The brilliant discovery of tbe zoospores of algse was made by Pro- 
fessor Unger, who observed the formation of these movjible cells in 
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the Vaucheria clavata DC, and proved that tbey possessed cilia as organs 
of locomottoD, and tbat tbey germinated iuto a plant like tfae parent. 
Many investigators liave famished farther data conceruing the 
existence and the stractnre of these interesting bodies, but the 
most complete researches were pnblished by Thuret in his edsny, "Bur 
les zoospores des alffos.^ He had observed zod8iK>rea in several hun< 
dred species, and illustrated th^m in a masterly manner. We learn 
from these investigations that the above spores are the unsexnal organs 
of reprodaction in the algie, and may be compared to the bnds of 
liigher plants. 

The interesting and instrnctive process of fractification in algie has 
been stndied with equal accnracy. Althongh the great physicist, 
Keanmnr, had suspected the existence of organs of frnctification in 
foci, Thnret was the first t« prove it directly and soienCiflcally. He 
demonstrated that the small indentations on the snrface.of the FueaceWy 
the so-called conceptacles, contained both the male and female organs 
of frnctiflcation, (the antberidiaand oogonia;) he observed the forma- 
tion of antherozoids and the penetration of the spermatic filaments into 
them; he expliuned how the spore was developed after fructification. 
In fresh-water algie, Pringsheim first succeeded in directly proving 
the existence of fructifying organs in the Vaucheria, Oedogonium, and 
(hleoehteie. Cohn followed with his interesting observations of the 
Sphaert/plea annultnfi and the Volvoointe. Theseobservationa prove the 
following mode of fructification in the algtB: the so-called se«d fila- 
ments penetrate the membraueless mass of the antherozoids, which are 
then snrronnded by a cellular membrane and converted into stationary 
spores. These are the direct oppositea of zoSspores, and may be com- 
pared to the seeds of higher plants. 

The results of this and many other researches have enabled us to 
gain snfficient insight into the growth, reproduction, and propagation 
of these plants, and it will be the task of coming investigators to con- 
tinue the work on this basis. 

If we now tnm to the classification of the algte, we shall see that 
excursions to the different seas of every zone have enlarged our ac- 
qnaintance with the forma of this class. Excursions to the Antarctic 
and to the northern part of the Pacific Ocean have furnished ns with 
the grandest specimens of lichens, and have shown us that marine 
vegetation does not reach its highest development in the tropical 
oceans, but in the Arctic and Antarctic polar seas. Kiitzing's and 
NSgeli's contributions have already been mentioned. In the third sup- 
plement to bis Gmer^ua PUmtnrum, Endlicher pnblished, together with 
Dieeaing, a systematic table of this class, distingnished by the happy 
ammgement into fiimilies and genera. A very important work is 
Species genera et ordinee atgarum, by Agbard the younger, which, al- 
l^oagh it only contains the Fucoideaj and FtorideiB, surpasses all other 
linbltcations in the original nataral gronping of his mnterinls, and^lfj: 
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bappily keeping within bonnds in his snhdivisions. Besides Aghard'B 
-work, we mast mention the publications of Harvey on the Antarctic 
algie, the works of Postels and Rnprecht on the algoi of the north 
pacific Ocean, and a number of monographs on single families or 
floras. I can onlyname the most important; toenumerate them all would 
lead me tw) far: the works of Smith and Balfs on the British Dia- 
toms and Desmidg, that of De Barry on ConjugaUe, the beautiful es- 
says of A. Braun, and among the Auntrians the excellent publications 
of Grunow, especially on Diatoma. Finally, I must not forget to men- 
tion that Dr. Rabenhorst bas done mnch to promote the diffasion of 
accurate knowledge concerning the species of cryptogamons plant8*by 
bis work on the Cryptogamic Flora of Germany, and by his later publi- 
cations, especially his dried collection of cryptogams. 

The strnctnre of the vegetative organs of the small but interesting 
group of CkaracecB was investigated by the interesting labors of Bischoff 
and A. Braun. Tbnret published important information concerning 
the antheridia; Carl Miiller investigated froctiflcation, and Pring- 
sheim germination. Their classiflcatiou was improved, especially by 
A. Brann, ftom whose master hand we may expect a monograph of the 
CharacecE. 

If we now tnm to the lichens, we will see that the views of the pe- 
riod of Linux's system long remained in credit, and that reform was 
late and gradual. Consequently the number of eminent disooveries 
in this department bas been smaller, and its organography is still far 
from being satisfactory. Speerschneider, it is trne, has furnished us 
with some valuable data concerning the structure and manner of 
growth of the tballus; but we are indebted for the most accurate in- 
formation on this subject to Schwendeuer, who bas published In two 
dissertations the result of his investigations of shrubby and foliaoeoos 
lichens. We know now that the tballns of lichens consists of three 
different layers, an outer orenvelopefonninglongfibrous cells, a middleor 
gonidinm composed of roundish cells filled with chlorophyll, and an 
inner or pith of the same structure as the outer. Tbe behavior of these 
three layers, which was investigated particularly by Scbwendener, fur- 
nishesmany points for classification. Kdrber has published an excellent 
dissertation on the gonidia or generating cells of lidiens. He states that 
these cells break through the envelope, become changed and converted 
into the so-called soredia. These observations establish tbe fEWt that 
the soredia are the organs of generation of lichens, and correspond to 
the buds of higher plants. 

Many have studied the bowl-shaped fmit or apothecium of lichens, 
but the data are scattered throngh different works. Tnlasne*a work, 
^'Sur I'Appareil Reproducteur des Lichenes," is of special importance, 
since it proves that lichens have another kind of fmit, forming small 
deuta and containing minute, straight, and narrow cells. They are 
called spermagonia, and are probably the male organs of fructificatioD. 
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The process of fructification has hitherto heen observed with certainty 
by Karsten in the Coeiwgonium ooly. 

The excellent works of Elias Fries and Wallroth, which date back to 
the sway of Linn6's system, are still of great importance for purposes 
' of classification. Von Flotow has indirectly exerted f^reat influence on 
the stody of lichens. His most prominent scholar, Korber, has inaugu- 
rated a great reform in his two principal works, the lAchenes GermanuB 
and the Tar^gie Uchenologicis, He created a new system, resting upon 
an anatomical and organograpbic basis, and made more natural and 
sharply defined subdivisions. He was ably assisted in his work by our 
compatriot Alassalongo, whose tables are aufortouately incorrect. The 
works of Mylander are of great value j his Synopsis Idchenum comprises 
all known species. Its publication is still continued. Hepp did much 
to make the European species known by the description of his collec- 
tions and the investigation of their sporea Finally, we mast not pass 
over the works of Krempelhnber, which are at present confined to do- 
mestic species ; hut this excellent scholar will soon have a more exten- 
sive field of operation. 

We now come to the largest and moat iuterestlng, bat at the same 
time the most difficult class of cryptogams — the fungi. Their sudden 
appearance and growth, their ephemeral nature, and the mnltiplicity of 
tbeur forms, have always been a source of trouble to investigators, and 
even the most indefatigable of modern mycologists have heen able to 
-lift bat partially the veil which hanga over the life and development of 
these organisms. 

Far ahead of its time in organography stands the work of Professor 
Unger, on the ezantbema of plants; for in it we find the first attempt 
to describe the development of nuldew>fuagi. Although the leading 
idea of the whole work, that these fungi vere the diseased products of 
the plants on which they are found, was not confirmed, the rich treasure 
of new facts laid down in this beautiful work retains its full valua 
Corda, another fellow-conntryman, has also written on fnngi, and dis- 
covered many interesting forms in the Aingi of mold. He was thus 
enabled to gain some insight into the life and development, of these 
organisms. In his principal work, the Iconee Fungorum, he represents 
all forms of fungi known to him; but some of his observations have 
nnfort>uoately been hastily made and consequently inaccnrate. But we 
should not forget that Corda lived in anfavorable external circumstances ; 
that for along time he hsd not the means of procuring a microscope, and 
that he finally met with a tragical death. The ship in which he bad 
gone to Texas in 1849 foundered on his return voyage to Eorope, and 
nothing has been heard of him since. The works of the Tolasne broth- 
ers throw new light on many chapters of this branch of study. They 
show that there exists a great difiference between the fangi of mildew 
and those of mold ; that in the fwiner not only spermogonia, bat iriso 
apcwes of different forms are produced, which had fbnnerly been dis- 
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tributed amoDg different genera. Tbey also studied the interesting 
process by -nhiuh the germs and spores of tbe mildew-fungi are devel- 
oped. In tbeir classical dissertation, " Sur VErgot de Setgle," they 
showed that the well-known black fungus, or germ, as well as all 0th6r 
similar forms hitherto classed as Sclerotica, were not perfectly developed 
organisms, bat rather a peculiar kiud of myceliumf analogous to the 
tubers of higher plants. It Is from them that the fructifying fungi are 
developed. In tbe great work, " Fungi hypogei," the above-mentioned 
authors give as a more thorough acquaintance with trufBes than their 
predecessors, and, in their essays on the A»com$eeta, they lay before 
ns many interesting points about these organisms, proving that they 
contain several kinds of spores, as well as spermogonia and spennatia. 
In their principal work, the Selecta Fungorum carpologica, the Tnlasne 
brothers present to as a rich collection of observations, the introdnction 
to which is of especial interest because it furnishes a view of the reaolts 
of morphological researches. The tables are executed in a masterly 
manner, and leave all similar productions far behind. In the same de- 
partment the Germans are well represeated by De Barry, He consid- 
erably extended our knowledge of mildew-fungi, and was the first to 
make experiments on the inoculation of theu spores. He succeeded 
in discovering the remarkable history of the development of mocus- 
fnngi. fie showed that in them the myceliam is wanting, and that 
ftYtm the germinating spore a pecoliar body is formed, which is gradu- 
ally converted into pUunwdium, a substance without an analogue In the 
vegetable kingdom, and finally into tbe perfect fongne. De Barry- 
studied the potato f^ingos, and proved the existence of zoospores in it, 
and in others of the same family. Finally, be discovered the organs of 
fructification of fungi in a parasite {Perono^^ora J.ImnearuM Oiup.) living 
on the Sttllaria taedia. The results of his brilliant discovery were folly 
confirmed by Pringsbeim's masterly observation of the Saproiegmia, in 
which the latter also foond zoSspores and similar fructification. ' Cor- 
responding resnlts were found by HofineistM in the fecundation of 
truffles. According to these observations tbe fructification of fungi 
takes place as follows : Tbe antheridium touches tbe vogonium, one of 
its processes penetrating an opening in the membrane of the latter and 
dtscbarging either seed, filaments, or its contents, which are commu- 
nicated to the antberozoid. Tbe latter, which before was membraneless, 
is now sarroanded with a cellular membrane, and becomes tbe station- 
ary spore of the plant. Hoffman has made comprehensive researches 
on tbe germination of tbe spores of fungi, and Pasteur's excellent works 
give ns information on the pai:t which fiiugi play in fermentation, by 
proving that they are nothing more than common mold-fungi in a pe- 
culiar stage of development. All these achievements, great as tbey 
may seem, are nothing more than preparatory labors for the solntioa of 
tbe organography of fungi, a great problmn of the fhtnre. 
The works of Elias Fries are the standard on the olaasiflcatioQ (tf 
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fimgi. Since the pnblicatioa of his Sysiema mycolofficum, about forty 
^ears ago, no ftork has appearecl wbich inclodes all onlere, geners, and 
Bpeciea of tbis class. Indeed, tlie works of Fries are so excellent that 
tbeymay be held up asmoddstoall botanical authors. The writer, who 
passed a third of bia unastially long life in the woods, where he studied 
fuDgi, actinired a wider experience than any other. He has grouped the 
genera naturally, apd described the species with tme Linnt^n precision. 
His work is, therefore, the basis of all mycological studies. The other 
authors contented themselves cither with writing locnl floras or study- 
ing single orders for the purpose of famishing materials for a future 
Sptema mycologimm. Many excellent works of this kind have been pro- 
dnced, especially those of Leveill^, Bonordeo, Fresenins, De Barry, and 
the thorough treatises on exotic forms by Montaigne and Berkeley. 

In the class of the mosses, the morphological studies of many thor- 
ough scholars have progressed so far that these plants are now among 
tbe most perfectly known. Mtrbel has furnished interesting data on 
the structure of the leaves and the development of the sporangia of the 
Xarchantia polymorpha, Tbe works of Bischoff ou liverworts, althongh 
treating chiefly of classification, present a great many new observations 
on the structure and development of the fruit. Tbe excellent natural 
history of liverworts by Nee8vonBsenbeck,towhich I will revert again, 
furnishes many important contributions to organography. A celebrated 
essay of Hugo von Mohl on the spores of aerogens proves that four 
spores are formed in every cell, analogous to tbe formation of poUen- 
cells. Gottscbee, finally, has published very thorough essays on the 
structure and development of single groapa of liverworts. All these 
ivritiDgs are left in the shade, however, as far as the organography of 
ferns and mosses is concerned, by those of Hofmcister, tho most prom- 
ineot investigator of the snbject. This excellent scholar has set faira- 
self the task of pursuing the development of the aerogens down to the 
Eitaple cell, and he has succeeded in many oases. Through him we know 
how the germ of mosses is formed and grows, how the stem is devel- 
oped, and how tbe leaves appear and form. We not only understand 
tbe stmctnre of tbe antberidia perfectly, and know how the seed flla- 
ments are formed, but we have also gained au insight into the struoture 
of the archegonia. We are able to follow exactly tbe process of fructi* 
fication, and see how the complicated moss-frait is developed after froc< 
tiflcation by the arcbegonium, from tlie riecia, the most simple type, np 
to the most highly-developed ttK'ms, according to one fundamental idea. 
Hofmeister has illustrated all these diseoveries with excellent drawings, 
so that the stady of his masterpiece, *' Comparative investigations ia 
tbe development of the higher cryptogams, " is oae of the most grate- 
ful tasks, although it is a very laborious one, OB acooont of the peooUar 
BauDer in which it is written. 

fiofmeister's work is also the most importaot source for the morpho- 
logical study of foliaoeons moaBes. Mgeli has determined t^e laws of 
17 s 71 ' ViOO^^K 
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growth of the vegetative or^DS with the same maaterj as in bis treatise 
on the algiB. Hngo von Mohl explains in a very simple manner the 
interesting phenomena attending the vegetation of peat-mosses in a 
short bntthoronghessayon their perforated cells. Carl Miiller explains 
the remarkable existence of lamels on the leaves of the iwlytrichaceie, 
and Lantziua Beninga shows how the ripe capsule, the spores and the 
peristome are developed. Schimper's " Recherehes sur Porganographle 
ics moMssw" and the introdnction of his " Synopsis llfwscorum europaeo- 
rum'* are of great value ; for, in both works, we not only find the resnlts 
of organogmpliic researches gathered, but we also find them enriched 
by numerons observations of his own. 

Passing to the most important works on dasBiflcation, we most ^rant 
the first place to Mees von Esenbeck for bis excellent natnml history of 
European li^-erwort^, since it is the foundation of oar present views of 
this branch of botany. He divides np the genera of his predecessors 
in a very natural manner, and his descriptioos of species are masterly. 
Hia distinguishing charaeteristics are always sharply defined. The 
principles applied with such excellent snccess on Enropean species 
were also brought to bear ou exotics by ^ees von Esenbeck, Gottschee, 
and Lindenberg, who published together the 8ynop»i9 Hepaticarumi 
which is considered the standard work. Unfortunately, there are no 
illustrations of all species of this class ; for the best are still to be found 
in " Britiih Jun^ermannKr," published 1820, or thereabouts, by Hooker. 
Lindenberg endeavored to supply the deficiency by his ^edea Sepati- 
carum, hut after several excellent monographs of single genera had ap> 
Ijeared the publication ceased. Laterones were limited to the description 
of new material or the better description of single genera. Among 
them must be mentioned the excellent treatises of Qottsohee, the Hepa- 
ti<xe JavanioB of Van der'Sande Lacosta, and the works of Montaigne, 
Taylor, Mitten, and De Notarts. 

The appearance of the Bryologia furvpea exercised a reforming infin* 
ence on the study of the mosses. Several excellent scholars, with W. 
Ph. Scliimper at the head, determined to describe and depict all species 
of mosses known in Europe in a manner adequate to the demauds.of the 
time. They mntually ooutrolled their results for fifteen years, when the 
work was completed in six stately volnmea of more than six hundred 
tables, and it now forms our basis for the study of these plants. Iii it 
the genera were more natarally (although sometimes weakly) divided 
.and better arranged. In the desoription of the species, the organograph- 
ical and anatomical points, especially the reticnlation of the leaves, were 
Ibr the first time considered. Excellent illustrations facilitate the recog- 
nition of the species, and make it possible in some cases which bad 
before present^ difficulties. After the appearance of the Bryology, 
Scbimper published a fine monograph on the Boropean peat-moss, and 
a moiegeneral Spwpsit Mutoomm Bwropeorvm. It is hoped that this 
excellent scholar will soon be able to realise bis long-cberisbed plan, the 
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pablicatioQ of a work on all tbe mosses, for we may well expect some- 
tbiQg excellent from him. The next author of importance is C. Miiller, 
ffbo pnblisbei) a synopsis of all known mosses, in two rolumes. He de-. 
serves onr thorough appreciation for his diligence in collecting the ex- 
isting material. His views on system, however, are less happy. Led 
bj tho consideration of certain characteristics, he often classifies very 
differeut species together, and separates those closely related. Among 
otber writings on exotic mosses, we must mentioned Dozy and Molken- 
boei'a '^ Musciinediti Archipelagi,Indici,^ aad their" BryologuiJavanica," 
vbich was coutinaed after their death by Van der Bosch, and Tan der 
Sande Lacosta. They follow the same plan as the " Bryologia Europen,^ 
and are, therefore, of great valne. The works of Snllivant, on the moss 
flora of Korth America, and those of Wilson, Mitten, and Hampe, are 
also of considerable importance. 

In tho last class, thatof the feru8,aserie8oftbemost)mportaDtdiscov- 
erics was inaugurated by Kiigeli. He observed that the antheridia. or 
male organs of fracti&cation, were developed upon the protballinm, 
Thich originates directly from the germinating spore. Count Lesczyc 
Sominski followed np his discovery by proving that the prothallium 
contained also the arcbegonia or fem^e organs. Through these two 
brilliant discoveries new prospects were opened for the morphology of 
ferns. We recognized that in this whole claas of plans fructification was 
efGectedon the small prothallium, and that the foliage, which we bad been 
accustomed to takeforthe whole plant, was developed only whenfi-uctiflca- 
tion bad taken place. Scbacht, Mettenins, and especially Uofmeister, 
deserve great cretlit for following up these discoveries. The brilliant re- 
searches of the latter author in particular, have, made known to ns the 
exact process of fecundation, and we now understand that the so-called 
large and small spores of the selaginella and water-fern are nothing 
more than the female and male organs of these plants. Hoftneister has 
fnrthermore ascertained with unexampled acuteness the laws according 
to which the leafy plant is developed ftom the impregnated germ-vesicle 
of the archegouium, and also how the 8t«m grows, and how the fans are 
formed. Although Hofmeister came to the erroneousconclnsion that the 
lalterwere not true leaves, bnt peculiarly transformed branches, the value 
of thegraud discoveries of this most original and thorongh of all organo- 
graphists of the acrogeus remains nnlmpairetl. Hugo von Mohl has 
dravn a masterly picture of the structnre of the stem of tree-ferns, in 
his classical desertation, which has since been developed more in detail, 
partly by himself and partly by other authors. The most thorough in- 
vestigation of the development of the iudaslum and aporangiumare dne 
to Scbacht. 

Besides the older works of Kaulfusa and Kunze on the classiflca- 
tion of ferns, we must mention especially the numerous pteridographio 
works of Hooker, which have considerably advanced our knowledge of 
the subject by tbeir excellent illustrations. The works of K. B. Presl 
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are of great importance, and of especial iDteresttousAastriaus. luliis 
" Tentamen Fetridographio!," tbis tborough scholar has studied the retic- 
iilatioQ of ferns more accurately than any of his predecessors, intro- 
duced new names, and endeavored to divide the class into more natural 
genera. Although he sometimes goes too far in this direction, we cannot 
but appreciate his earnestness, consistency, and extensive information. 
FtSe attempted to follow in Presl'a footsteps, but Ue was less successful, 
and bis works must be used with caution. Our most distinguished 
Iiteridographrst, Mettenius, successfully opposed tUe tendency to split 
up the existing material into too mauy uutenuble genera and species,. Id 
his excellent work on the ferns of the Leipsic botanic garden, and in a 
series of critical essays, which mostly appeared in the Senkeberg Mu- 
seum. May this distinguished scholar indefntigubly pursue and nlti- 
niately attain his object 1 Moore ilescrves great credit for his very crit- 
cal index of all ferns, for the introduction of many tropical specimens, 
and for publishing (together with Newman) the first work ill which na- 
ture was successfully employed to print herself. Lowe's " British and 
Exotic Ferns " is also a valuable illustrated work. Besides all these 
there are m^uy special publications ou single species. The following 
are among the most important: Milde's Essays on the Equisetaeete aud 
l>omestic Ferns; Fresl Vander Bosch aud Mettenius ouUymenopbylletB; 
Spring's Monograph of the LycoiKidiacefe ; aud A. Braun ou Isoeteee, 
and Water-Ferns in General. 

This theu is a condensed review of the most important achievements 
in cryptogamy within the last few decades. ' Taking them altogether, 
we may say that this branch of botany has made more progress in this 
period than iu all preceding times, aud that it has now indeed become 
a science. The study of the cryptograms is n<S longer confined 
to a few isolated scholars as formerly, but it is exciting generM 
iuterest, aud many excellent investigators are making it their fa- 
vorite subject. Morphology was not only founded, but even completed 
aud established for certain classes. Numerous and highly important 
anatomical and physiological data have been furnished ; the classlfiCA- 
tiou hasiu the last period been reformed in accoinlance with the latest 
views, and various authors have endeavored to obtainanatnral arrauge- 
ment of species, and have succeeded iu many cases. 

Although much has been accomplished, much still remains to be doDe, 
aud we need the combined efforts of many. May, therefore, the interest 
in cryptogamous plants ever become more general and lively, aud may, 
especially in Austria, many scholars and amateurs turn their attention 
to this branch of botany I TUe most grateful results will surely reward 
their exertious. 
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Bv JOBM N. Stockwell. 

The reciprocal gravitation of matter produces diatorljances ia tlie 
motioDa of the beavealy bodies, causiog tbem to deviate from tiie elliptic 
paths which they would follow, if they were attracted only by the san. 
The determination of the amount by which, the actual place of a planet 
deviates from its true elliptic place at any time is called the problem 
of planetary perturbation. The analytical solution of this problem has 
disclosed to mathematicians tbe fact that the inequalities in the motions 
of the heavenly bodies are produced in two distinct ways. Thfi first 
is a direct disturbance in the elliptic motiou of the body; and tbe second 
is produced by reason of a variation of the etem«Rt« of its elliptic motion. 
The elements of the elliptic motion of a planet are »ix in number, vie: 
the mean motion of the planet and its mean distance from the sun, the 
eccentricity and incliaatiou of its orbit, and the longitude of the node 
and perihelion. The first two are invariable; the other foor are subject 
to both x>eriodic and secular variations. 

The inequalities in the planetary motions which are produced by the 
direct action of the planets on eachothei*, and depend for their amount 
only OR their distances and mutual configurations, are called pmodto 
inequalities, because they pass through a complete cycle of values in a 
comparatively short period of time; while those depending on the varia- 
tion of the elements of the elliptic motion are produced with extreme slow- 
ness, and require an immense number of ages for their full development, 
are called secular inequalitiea. The general theory of all the planetary 
inequalities was completely devetojted by La Grange and La Place, 
Dearly a century ago; and the particular theory of each planet for the 
periodic inequalities was given by La Place in the M4canigwe Celeste. 

The determination of the periodic ineqnahties of the planets has hith- 
erto received more attention from astronomers than has been bestowed 
upon the secular inequalities. This is owing in part to the immediate 
requirements of astronomy, and also in part to the less intricate nature 
of the problem. It is true that an approximate knowledge of the secu- 
lar inequalities in uecessaryin the treatmentof the periodic inequalities; 
bnt since the secular inequalities are produced with such extreme slow- 
• ness, most astronomers have been coutent with the euppositiot^ that 
they are developed uniformly with the time. This supposition is sufS- 

* Introa action to a muuioirto be pablialiinl in tbe "SmiUiMiiuaii Coutiibutiuus to 

E DOW ledge." 
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ciently near the trath to be admissible in most astronomical investiga- 
tions daring tlie comparatively short period of time over which astro- 
nomical observations or human history extends; but since the values 
of these variations are derived from the equations of the differential 
variations of the elements at a particular epoch, it follows that they 
afford us no knowledge respecting the ultimate condition of the plane- 
tary system, or even a near approximation to its actual condition at a 
time only comparatively remote from the epoch of the elements on which 
tbey are founded. But aside from any considerations connected with 
the immediate needs of practical astrouomy, the study of the seciflar 
inequalities is one of the most interesting and important departments of 
physical science, because their indefinite continuance in the same direc- 
tion would ultimately seriously affect the stability of the planetary 
system. The demonstration that the secular inequalities of the planets 
are not indefinitely progressive, but may be expressed analytically by a 
series of t«rras depending on the sines and cosines of angles which 
increase uniformly with tbe time, is due to La Grange aud La Place. 
It therefore follows that the secular inequalities are periodic, and differ 
from theordinary periodic inequalities only in tbe length of time required 
tocomplete the cycle of their values. Tbe amount by which the elements 
of any planet may ultimately deviate from their mean values can only bo 
determined by the simultaneous integration of the differential equations 
of these elements, which is equivalent to the summation of all the infi- 
nitesimal variations arising from the disturbing forces of all the planets 
of the system during the lapse of an infinite period of time. 

The simultaneous integration of the equations which determine the 
iiistautaneOHS variatioua of the elements of the orbits gives rise to a 
complete equation in which the unknown quantity is mised to a power 
denoted by the number of planets, whose mutual action is considered. 
La Grange first showed that if any of the roots of this equation were 
equal or imaginary, tbe finite expressions for the values of the elements 
would contain terms involving arcs of circles or exponential quantities, 
without the functions of sine and cosine, and as these terms would 
increase indefinitely with the time, tliey would finally render the orbits 
so very eccentrical that the stability of tbe planetary system would be 
destroyed. In order to determine whether the roots of the equation 
were all real and unequal, he substituted the approximate values of the 
elements and masses which were employed by astronomers at that time 
in the algehniic equations, and then by dctennimug the roots ho 
found them to be all real aud unequal. It, therefore, followed, that for 
the particular values of the masses employed by La Grange, the equa- 
tions which determine the secular variations contain neither arcs of a 
circle nor exponential quantities, without the signs of sine and cosine; , 
whence it follows that the elements of the orbits will i)erpetua11y oscil- 
late about their mean values. This investigation was valuable as a 
first attempt to fix the limits of the variations of the planetari t^Mpeuts; 
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but, beiug based npon values of the masses -whicb were, to a certain 
exteutj gratuitously assumed, it was desirable that the importaut truths 
which it indicated should be established indepeudently of auy cooside- 
rationa of a hypothetic character. This magatficent generalizatiou was 
effected by La Place. He proved that, whatever be the relative masses 
of the planets, the roots of the equatioua which determine the peiiuds 
of the secular ineqaalities will all be real and unequal, provided the 
bodies of the system are sabjected to this one condition, tJuit tJiey all 
revolve round tlie sun in tlie same direction. This condition being satisfied 
by all the members of the solar system, it follows that the orbits of the 
planets will never be very eccentrical or much incliued to each other by 
reason of their mutual attraction. The importaut truths in relation to 
the forms and positions of the planetary orbits are embodied in the two 
followingtbeoremsby theanthorof the^^ntgu£Ce/este.' 1. 1/ the mass 
ofieack planet be multijitied by tJte product of tiie square of the eccentricity 
aRd square root of tJie mean distance, tlie sum of all tltesc products will 
alica^ retain the same magnitude. II. 1/ the mass of each planet bemul- 
tiplied by tlte product of tite square of the inclination of tite orbit and the 
tquare root of the mean distance, tlte sum of these products 'trill always 
remain invariable. Now, these quantities being computed for a given 
epoch, if their sum is found to be small, it follows from the precetling 
theorems that they will always remain so; consequently the eccentri- 
cities and inclinations cannot Increase iadeflnitcly, but will always be 
CODfiued within narrow limits. 

In order to calculate the limits of the variations of the^lements with 
precision, it is necessary to know the correct values of the masses of all 
the planets. Unfortunately, this knowledge has not yet been attained. 
The masses of several of the planets are found to be considerably difler- 
eut fix>m the values employed by La Grange iu his investigations. 
Besides, he ouly took into accoaqt the action of the six principal i>lanets 
which are within the orbit of Uranns. Cuusequeutly his solution affonled 
only a first approximation to the limits of the secular variatious of the 
elements. 

The person who next undertook the computation of the secular lue- 
qnalities was Pout&oulant, who, about the year 1S34, published the 
third volume of bis Uteorie Analytique du Systeme du Monde. Iu this 
work be has given the results of bis solution of this intricate problem. 
Bot the numerical values of the constants wh^ch he obtained are totally 
erroneous on account of his failure to employ a sufQcient number of 
decimals in bis computation. Our knowledge of the secular variations 
of the planetary orbits was, therefore, not increased by his researches. 

In 1839 Le Veriier had completed bis computation of the secular ine- 
quahties of tho seven principal planets. This mathematician has given a 
new and accurate determination of theconstants on which the amount of 
the secolar inequalities deftend; and has also given the coefficients for 
correcting the values of the constants for difliirential variations of tiw. 
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masses of tbe difTerent planets. This iarestigation of Le Yerrier's has 
beeu used as the groundwork of most of the subsequent correctious ctf 
the planetary elements and masses, and deservedly holds the first rank 
as authority concerning the secular variations of the planetary orbits. 
But Le Verrier's reseaiches were far from being exhaustive, and he 
failed to notice some curious and interesting relations of a permanent 
character in the secular variations of the orbits of Jupiter, Satnm, and 
Uranus. Besides, the planet Neptune had not then been discovered; 
and tlte action of this planet considerably modifies the secalar inequali- 
ties which would otherwise take place. We will now briefly glance at 
the results of our own labors on the subject. 

On the first examination of the works of those authors who had investi- 
gated this problem, we perceived that the methods of reducing to num- 
bers those analytical integrals which determine the secular variations 
of the elements, were far from possessing that elegance and symmetry 
of form which usually characterilzes the formulas of astronomy. The 
first step, therefore, was to dense a system of algebraic equations, by 
meansof which we should be enabled to obtain the values of the unknown 
quantities with the smallest amount of labor. It was soon found to bo 
impracticable to deduce algebraic formulas for the constants, by the 
elimination of eight unknown quantities l^m as many linear symmet- 
rical equations, of sufficient simplicity to be used in the deduction of 
exact results. It therefore became necessary to abandon the idea of a 
direct solution of the equations, and to seek for the best appi-oximative 
method of obtaluing rigorous values of the unknown quantities. This 
we have accomplished as completely as could be desired, and by means 
of the formulas which we have obtained, it is now possible to determiue 
the secular variations of the planetary elements, with less labor, perhaps, 
than would be necessary for the accurate determination of a comet's 
orbit. The method and formulas are given in detail in a Memoir on the 
Secular Variations of the Elements of the Orbiti of the Eight Principal 
Planets, now being published in vol. XVIII, of the Smithsonian Contri- 
butions to KnoKledge. 

After computing anew the numerical coefficients of the differential 
equations of the elements, we have substituted them in these equations, 
and have obtained, by means of sncceesive approximations, the rigorona 
values of the constants corresponding to the assumed masses and ele- 
ments. The details of the computation are given in the memoir referred 
to, and it is unnecessary to speak of tbem here. We shall, therefore, 
only briefly allude to some of the conclusions to which our computa- 
tions legitimately lead. 

The object of onr investigation has been the determination of the 
numerical values of the secular changes of the elements of the planet- 
ary orbits. These elements are four ia nnmber, viz : the eccentricities 
and iucUnations of the orbits, and the longitudes of the nodea and 
perihelia. The questions that may legitimately arise in regard , to the 
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eccentricities and inclinations relate cliiefly to their maguitnde nt any 
time; bat ve may also desire to know their rates of change at any timf, 
and the limits within which they will perpetnally oscillate. Tn regard 
to the Dodes and perihelia, it is sometimes necessary to know their rela- 
tive positions when referred to any plane and origin of coordinates ; 
and Edso their mean motions, together with the amount by which their 
actnal places can differ from their mean places. With respect to the 
magnitades and positions of the elements, together with their rates of 
change, we may observe that our egnations will give them for any 
reqnired epoch, by merely substituting in the fortnitlas the interval of 
time between the epoch reqnired and that of the formula^, which is the 
beginning of the year 1830. An extended tabulation of the variations 
of the elements does not come within the scope of our work ; and we 
leave the computation of the elements for special epochs to those inves- 
tigators who may need them in their researches. We shall here give 
the limits between which the eccentricities and inclinations will always 
oscilUite, together with the mean motiops of the perihelia and nodes 
on the fixed ecliptic of 1H50 ; and shall also give the inclinations and 
nodes referred to the invariable plane of the planetary system. 

For the planet Mercury, we find that the eccentricity is always included 
within the limits 0.1214943 and 0.2317185. The mean motion of its 
perihelion is 5".463803; audit performs a complete revolution in the 
heavens in 237,197 years. The maximum inclination of his orbit to the 
fixed ecliptic of 1850 is 10<^ 36' 20", and its minimnm inclinatioa is 
3" 47' 8" ; while with respect to the invariable plane of "the planetary 
system, the limits of the inclination are 9° 10* 41" and 4° 44' 27". The 
mean motion of -the node of Mercury's orbit on the ecliptic of 1850, and 
on the invariable plane, is in both cases the same, and equal to 6".126l72, 
making a complete revolution in the Interval of 252,833 years. The 
amoant by which the true place of the node can differ f¥ofn its mean 
place on the ecliptic of 1850 is eqoal to 33"^ 8', while on the invariable 
plane this limit is only 18° 31'. 

For the planet Yeons, we find that the eccentricity always oscillatea 
Detween and 0.070G329. Since the theoretical eccentricity of the orbit 
of Yenns is a vanishing element, it follows that the perihelion of her 
orhit can have no mean motion, but may have any rate of motion, at 
different times, between nothing and infinity, both direct and retrograde. 
The position of her perihelion cannot therefore be determined within 
given limits at any very remote epoch by the assumption of any par- 
ticalar valae for the mean motion, but it must be determined by direct 
compatation fh>m the finite formulas. The maximum inclination of her 
orbit to the ecliptic of 1850 is 4° 61', and to the invariable plane it is 
3° 16'.3 ; while the mean motion of her node on both planes is indeter- 
minate, because the inferior limit of the inclination is in each case 
eqoal to nothing. 

A knowledge of the elements of the earth's orbit is especially inter- 
esting and important on account of the recent attempts to establish a 
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conuectioD between geological pfaeoomena aod terrestrial tempeiatnies, 
iu so far as the latter is modified by the variable eccentricity for her 
otbit. Theaiuonnt of light and heat received from the sun in theconrse 
of a-year depends to an imporiwit extent on the eccentricity of the 
earth's orbit ; bat the distributioD of the same over the surface of the 
earth depends on the relative position of the perihelion of the orbit 
with respect to the equinoxes, and on the obliquity of the ecliptic to the ■ 
equator. These elements are subject to great and irregular variations; 
but their laws can now be determined with as much precision as the 
exigencies of science may require. We will uow more carefully examine 
these elements, and the consequences to which their variations give rise. 

As we have already compnted the eccentricity of the earth's orbit at 
intervals of 10,000 years, during a period of 2,000,000 years, by employ- 
iug the Constanta which correspond to tbe assumed maas of the earth 
increased by its twentieth part, we here give tbe elements correspoud- 
iug to this increased mass. We therefore find that the eccentricity of 
the earth's oi'bit will always be included within the limits of and 
0.0G93S88 ; and it consequently follows that the mean motion of tbe peri- 
helion is iodetenninate, although the actual motion and position at any 
time during a period of 2,000,000 years can be readily fouud by means 
of the tabular value of that element. The eccentricity of the orbit at 
any time can also be found by means of the same table. 

The inclination of the apparwit ecliptic to the fixed ecliptic of 1850, 
is always less that 4P iV ; while its incbuation to the invariable plane 
of the planetary system always oscillates within the limits 0° (V and 
3° <y. It is ^so evident that the mean motion of the node of the 
apparent ecliptic ou tbe fixed ecliptic of 1850, and also on the invariable 
plane, is wholly indeterminate. 

Tbe mean valne of tbe precession of the equinoxes on the fixed echp. 
tic, and also ou the apparent ecliptic, in a Julian year, is equal to 
&0".438239 ; whence it follows, that the equinoxes perform a complete 
revolution in the heavens in the average interval of 25,694.8 years ; bat 
on account of tbe secular inequalities in their motion, the time of revo- 
lution is not always the same, but may differ from tbe mean time of 
revolution by 281.2 years. We also find that if the place of the equinox 
be computed for any time whatever, by using the mean value of preces- 
sion, its place when thus determined can never differ from its true place 
to a greater extent than 3° 56' 26". The maximum and minimum values 
of precession iu a Juliau year are 52".664080 and 48" .212398, respectr 
irely, and since the length of tbe tropical year depends on the annual 
precession, it follows that the maximum variation of tbe tropic^ year 
is equal to the mean time required for tbe earth to describe an arc which 
is equal to tbe maximum variation of precession. Now this latter quan- 
tity being 4".451C82, and tbe sidereal motion of tbe eartb in a second of 
time being 0".0410C7, it follows that tbe maximum variation of the tavpi- 
cal year is equal to 10S.40 seconds of time. In like mtmoer. if jwe take 
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the differeBce between tbe present valaeof prccesaion and the masimain 
and miDimum values of tbe same quantity, we shall find that tbe tropi- 
cal year may be shorter than at present by 59.13 seconds, and longer 
than at present by 49.27 seconds. We also find that the tropical year 
is now shorter than in the time of Hipparchus, by 11.30 seconds. 

The obliquity of tbe equator to tbe apparent ecliptic, and also to tbe 
fixed ecliptic of ISoO, has also been det«nnined. The variations of this 
element follow a law similar to that which governs the variation of pre- 
cession, although tbe maximum ^-alues of tbe inequalities are consider- 
ably smaller than those wbicb affect this latter qnantity. The mean 
value of the obliquity of both the apparent and fixed ecliptics to the 
equator is 23° IT' 17". The limits of the obliquity of the apparent ecliptic 
to the equator are 249 35' 58" and 21° 58' 36" ; whence it follows that tbe 
greatest and least declinations of the sun at the solstices can never differ 
from each other to any greater extent than 2° 37' 22". And here we may 
mention a few, among the many happy consequences, which result &om 
tbe spheroidal form of the earth. Were the earth a x>erfece sphere there 
would be no precession or change of obliquity arising from the attraction 
of the sun and moon; the equinoctial circle wonld form an invariable 
plane in the heavens, about which tbe solar orbit would revolve with an 
iDclination varying to the extent of twelve degrees, and a motion equal 
to tbe planetary precession of the eqniuoctial points. The snn, when at 
the solstices, would, at some periods of time, attain the declination of 
29^17', for many thousands of years; and again, at other periods, only 
to IT° IT', l^e seasons would be subject to vicissitudes depending on 
tbe distance of the tropics from the equator, and the distribution of solar 
light and heat on the surface of the earth would be so modified as essen- 
tially to change the character of its vegetation, and the distribution of 
its animal life. But tbe spheroidal form of the earth so modifies the 
RecDlar changes in the relative positions of the equator and ecliptic that 
the inequalities of precession and obliquity are reduced to less than one- 
<inarter part of what they would otherwise be. The periods of the secular 
changes, which, in tbe case of a spherical earth, would require nearly 
two millions of years to pass through a complete cycle of values, are now 
reduced to periods which vary between 26,000 and 53,000 years. The 
secular motions which would take place in the case of a spherical earth - 
are so modified by the actual condition of tbe terrestrial globo that 
changes in the position of the equinox and equator are now produced in 
a few centuries, which would otherwise require a period of many thou- 
sands of years. This consideration is of much imiwrtance in the investi- 
gation of the reputed antiquity and chronology of those ancient nations 
which attained proficiency in the science of astronomy, and the records 
of whose astronomical labors are tbe only remaining monument of a 
highly intellectual people, of whose existence every other trace has long 
since passed away. For it is evident that, if tbese changes were much 
slower than they arc, a much longer time would be required in order to 
produce changes of sufficient magnitude to be detected by observation, 
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and we sbould be nnable to estimate tbe interval betweeu the cpocbs of 
clemeDts which differed by only a few thousand years, since they woald 
manifestly be so nearly identical with our own that the valne of legitimate 
conclusions would be greatly impaired by the unavoidable errors of tbe 
observations on whicU tUey were, based. 

The duration of the different seasons is also greatly modified by the 
eccentricity of tbo earth's orbit. At present the bud is north of the 
equator scarcely ISOJdays/andsonth of the same circle abont ITSfdays; 
thus making a difference of 7^ days between the length of the summec 
and winter at present. But when the eccentricity of the orbit is nearly 
at its masimum, and its transverse asis also passes through the solstices, 
both of which conditions have, in past ages, been fulfilled, the snmmer, 
in one hemisphere, will have a period of 1!)S| days, and a winter of oaty 
166 J days, while, in the other hemisphere, these conditions will be re- 
versed ; the winter having a period of 198 j days, and a summer of only 
166J days. The variations of the aim's distance from the earth in the 
course of a year, at such times, is also enormous, amounting to almost 
one-seventh ' part of its mean distance— a quantity scarcely less thaa 
13,000,000 of miles I 

Passing now to the consideration of the elements of tbe .planet Mars, 
we find that the eccentricity of his orbit always oscillates within tlie 
limits 0.018475 and 0.139605 ; and the mean motion of his perihelion is 
17".78'i4S6. The maximum inclination of his orbit to the lixed ecliptic 
of 1850, and to the invariable plane of tbe planetary system, is 7° 28* and 
6° 56* respectively. Tbe minimam inclination to both planes being 
nothing, the mean motion of tbe node is indeterminate. 

The secular variations of tlie orbits of Jupiter, Saturn, Uranns, and 
Neptune, present some curious and interesting relations. These four 
planets compose a system by themselves, which ia practically independ- 
ent of the other planets of the system. 

The maximum and minimum limits of the eccentricity of the orbits of 
these four planets are as follows : 

Uasimnm eccentricity. MinimDm eccentricilj'' 

Jupiter 0.0608274 0.0254928 

Saturn 0.0843289 0.0123719 

Uranus....; 0.0779052 0.0117570 

Neptune 0.0145066 0.0055729 

The maximum and minimum inclinations of their orbiU to the invari- 
able plane of the planetary system have the following values : 

Maiimnm'iDclination. Mluimnm iDclinatioi]- 

Jupiter 0o2S'56" Ooi4'23" 

Saturn 1 39 47 16 

Uranns 1 7 10 54 25 

Neptune 47 21 ._.... 33 43 

,1 zed by Google 
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The perihelia and nodes of their orbits linve the following mean mo- 
tions in a Julian year of 3G5J days : 

Ueau motion of porihelion. Ueui motion of node oo the 

invariable plane. 

Japiter + 3".71660T — 25".934567 

Satani +22 .460ft48 —25 .934507 

Uranns..... + 3 .716607.; — 2 .ftlfiOSS 

Neptnne + .616685 — .661660 

But the most curious relatiou developed by this investigation per- 
tains to the relative motiona and positions of the i>erilielia and nodes of 
the three planets Jupiter, Saturn, and Uraons. These relations are ex- 
pressed by the two following theorems : 

I. The mean motion of Jwpiter'a perihelion is exactly equal to tJts mean 
notion of the perihelion of Uranvs, ami the mean lonffitudes of these peri- 
Mia differ by exactly 180°. II. The mean motion of Jupiter's node on the 
inrariabU plane m exactly equal to tJiat of Saturn, and the tnean longitudes 
6/ these nodes differ by exactly 180°. 

We also perceive that the mean motion of Satuiu's perihelion is very 
nearly six times that of Jupiter and Uranus, and this latter quantity is 
very nearly six times thatof Neptune J or, more exactly, 985 times the mean 
motion of Jupiter's perihelion isequal to 163 times that of Saturn, and iiO 
times the mean motiou of Neptune's perihelion isequal to 73 times that ,of 
Jupiter and Urauns. The perihelion of Saturn's orbit performs a com- 
plete revolution in the heavens in 57,700 years; the perihelia of Jupiter 
and Uranus in 343,700 years; while that of Neptune requires no less 
that 2,101,500 years to complete the circuit of the heavens. In like 
mauner the nodes of Jupiter and Satarn, on the invariable plane, perform - 
a complete revolution in 49,972 years ; that of Uranns io 444,432 year^ ; 
while the node of Neptune requires 1,958,692 years to tnwerse the cir- 
cumFerence of the heavens. The motions of the nodes are retrograde 
aud those of the perihelia are direct ; thus conforming to the same law ■ 
of variation as that which obtains in the corresponding elements of the 
mood's motion. 

We may here observe that the law which controls the motions and 
positions oftheperilieliaoftheorbitsofJupiterand Uranus is of the utmost 
iuilKirtance in relation t« their mutual x>6rturbation8 of Saturn's orbit. 
For, in the existing arrangement, the orbit of Saturn is affected only by 
the difference of the perturbations by Jupiter aad Uranus ; whereas, if 
thft mean j)laces of the perihelia of these two planets were the same, 
iDUtead of differing by 180°, the orbit of Saturn would be affected by the 
som ot their disturbing forces. But notwithstanding this favoring con- 
dition, the elements of Saturn's orbit would be subject to very great 
perturbations from the superior action of Jupiter, were it not for the 
comparatively rapid motion of its perihelion ; its equilibrium being main- 
tained by the very act of perturbation. Indeed, the stability of Stum's 
orbit depends to a very great extent upon the rapidly yarying posiUouB , 
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of itstraDBverse axis. For, if t&e motiona of the perifaelia of Jnpiter 
aod Satnm vere very nearly tbe same, tbe action of Jupiter ou the 
eccentricity of Satnrn's orbit would be at its maximum valae daring 
very long periods of time, and ttiereby produce great and permanent 
changes in the value of that element. Bat, iu the existing conditions, 
the rapid motion of Saturn's orbit prevents snch an accumulation of 
jwrtarBatiou, and any iucrease of eccentricity is soon changed into a 
corresponding diminution. The same remark is also applicable to the 
pertnrbatioiis of the forma of the orbits of Jupiter and Uranus by the 
disturbing action of Snturn; for the secular variations of Jupiter's 
orbit depend almost entirely upon the inflaence of Satara, because the 
planet Neptune is too remote to produce mach disturbance, and the 
mean distorbing infiuence of Uranus on tbe eccentricity of Jupiter's 
orbit is identically equal to nothing, by reason of tbe relation which 
always exists between the perihelia of their orbits. We may here ob3en.e 
that the eccentricity of the orbit of Saturn always increases, while that 
of Jupiter diminishes, and vice versa. 

The consequences which result from the matual relations which always 
exist between tbe nodes of Jupiter and Saturn, on the invariable plane 
of the planetary system, are no less interesting or remarkable with re- 
spect to the position of the orbit of Uranns than those which result 
from the permanent relation between the perihelia of Jupiter and Uranns 
are with respect to the form of the orbit of Saturn. Tbe mean disturbing 
force of Saturn on the inclination of the orbit of Uranus is about four 
times that of Jupiter ; bnt as these two planets always act ou the inclina- 
tions ia opposite directions, it follows that the joint action of tbe two 
planets is equivalent to the action of a single planet at the distance of 
Saturn and having about three- fourths of his mass; so that the orbit of 
Uninua mighC attJiiu a considerable inclination from the superior action 
of Saturn if allowed to accnmulate daring the lapse of an unlimited 
time, at its maximum rate of variation depending on tbe action of this 
planet But snch aa accumulation of i)erturbation is rendered forever 
impossible by reasou of the comparatively rapid motion of the nodes of 
Jupiter and Saturn, with respect to that of Uranns, on the invariable 
plane. By reason of this rapid motion, the secular changes of the inclina- 
tion of the orbit of Uranua pass through a complete cycle of values in 
the period of 66,300 yeara. The corresponding cycle of perturbation in 
the eccentricity of Saturn's orbit is 69,140 years. It is the rapid 
motion of the orbit with respect to the forces in the one case, and 
the rapid motion of the forcea with respect to the orbit, in tbe other, 
that gives permanence of form and posltiou to the orbita of Saturn and 
Uranus. 

Tbe mean angular distance between the perihelia of Jnpiter and 
Uranna is exactly 180<^; but the conditions of the variations of these 
elements are sufficiently elastic to allow of a oonidderable deviation on 
each side of their mean positions. The perihelion of Jupiter may differ 
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bom its mean plnca to tbe exteot of 21o W, and tliat of TJranua to the 
extent of 47° 3ii' ; and therefore tbe loogitadoe of the perihelia of these 
tno planets can differ fi-om 180° to (he extent of 71° 43'. The nearest 
atiproach of the perihelia of these two planets, is, therefore, 108° 17'. 

In like manaer tbe loogitndes of the nodes of Jupiter and Satoru, on 
the invariable plane, can suffer considerable doviatioDB from their mean 
positions. The actnal poaition of Jnpiter's node may differ from ita 
nwan place to the ext«nt of 19° S* ; while that of Satam may deviate 
from ita mean place to tbe extent of 7° 7'. It therefore follows that 
their longitudes on the invariable plane can differ from 180° by only 
26° 45', Their nearest possible approach is ll»3° lo', while their present 
distance ^>art ia 1CG° 27'. 

The inequalities in the eccentricity of Neptune's orbit am very small 
and the two principal ones have periods of 613,900 years, and 418,060 
years, respectively. Strictly speaking, tbe {periods of tbe secular inet^tiali- 
ties of the eccentricities and pa'ibelia are the same for all the planets ; 
and the same remark is equally applicable to tbe nodes and inclinations. 
Bat the principal inequalities of the several planetary orbits are different, 
unless tbey are connected by some permanent relation, similar to that 
which exists between the perihelia of Jnpiter and Urauns, or the noiles 
of Jnpiter wid Satnru. Thus tbe principal inequalities affecting the 
inclination of the orbits of Jnpiter and Satom have the same periods tor 
each planet, and these periods are, for tbe two principal inequalities, 
51,280 years, and 56,303 years. In like manner tbe principal iueqnnli- 
ties in the eccentricities of Jupiter and Satarn depend on their mutual 
attraction, and have a period of 60,141 years. Tbe secular inequalities 
of those orbits which have no vanishing elements are composed of terms, 
of very differeut orders of magnitude ; and it frequently happens that 
two or three of these terms are greater tban tbe sum of all (be remaining 
ones. In such cases tbe variation of the corresponding element very 
approximately conforms to a much simpler law, and the maxima and 
minima repeat themselves according to definite and well-defined 
cycles. But with regard to the orbits of Venus, the Earth, and Mars, 
the rigorous expressions of the eccentricities and iuclinations are com- 
posed of twenty-eight periodic terms, having coefficients of considerable 
magnitade; and this circnmstance renders -the law of their variations 
extremelf in^cate. 



The method we have adopted for finding the coefficients of the cor. 
rections of tbe constants, depending on finite variations of the different 
planetary masses, consists in supposing that each planetary mass re- 
ceives in saccession a finite increment, and then finding tbe values of 
all the conetante corresponding to this increased mass in tbe same man* 
ner as for tbe assumed masses. By this means we have a set of values 
corresponding to the assumed masses, and another set corresponding t(^' 
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a fluite increment to each of the planetary masses. Then, taking the 
difi'erence betweeu the two seta of constants, and dividing by the incre- 
ment which produced it, we get the .cocfQcieut of the variation of the 
constants for any other finite increment of mass to the same planet; but, 
on account of the importance of the earth's mass, and the probable in* 
accuracy of its assumed value, we have prepared scparat« solutions cor- 
responding to the several increments of ^, ^, and ^ of it« assumed 
mass ; and a comparison of the values which the different solutions give 
for the superior limit of the ecceatricity of the earth's orbit has sug- 
gested the inquiry whether there may not be some unknown physical 
relation between the masses and mean distaucesof the different planets. 
The same peculiarity in the elements of the orbit of Venus is also found 
to depend upon particular valnes of the mass of that planet. But with- 
out entering into details in regani to the peculiarity referred to, we 
here give the several values of the masses of these two planets which 
we have employed in our computationaj and the corresponding valnes 
of the superior limit of the eccentricity of their orbits : 



For Iho rarUi, n 



"t'o (1+ A) 



These nnmbera show that if the mass of Venus were to be iucreascd, 
the superior limit of the eccentricity of her orbit would also increase 
until it had atlained a maximum value, alter which a further increase 
of her mass would diminish that limit ; and the same remark is also 
applicable to the eccentricity of the earth's orbit, 

The above numbers indicate that the superior limit of the eccen- 
tricity of the orbit of Venus is a maximum if the mass of that planet 
is equal to 'm'(i{1+-^3%*-)) or, it' «'=ynVffTi of the sun's mass; aiid the 
superior limit of the eccentricity of the earth's orbit is a maximum if 
the earth's mass is equal tom"i)(l-|-i^^),or, if m" = yjiiVBff of the sun's 
mass. But this value of the earth's mass corresponds to a solar paral- 
lax of $".730, a value closely approximating to the recent determina- 
tions of that element. 

If, then, the mass of Venus is equal to xejVsin ^^'^ ^^^ mass of the 
earth is equal to yjj^yinjj it follows that the orbits of these two planets 
will ultimately become more eccentric from the mutual attraction of the 
other planets than they would for-any other valnes of their respective 
masses; and ve may now inquire whether such coincidence between 
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the saperior limits of tbe eccentricities and tlie masses of tbese two 
planets has any physical significance, or is merely accidental. 

Since the mean motions and mean distances of the planets are invari- 
sble, and independent of tbe eccentricities of the orbit«> it woold seem 
that there could be no connection between these elements by means of 
which the stability of the system might be secured or impaired ; but a 
more caroful examination shows that, although the mean motions or 
times of revolution of the planets are iuvariable, their actual velocities, 
or the variation of their mean velocities, depends wholly on the eccen- 
tricities ; and were any of tbe planetary orbits to become extremely 
elliptical, the velocity of tbe planet would be subject to great variations 
of velocity, moving with very great rapidity when in peribeliou, and 
liUi extreme slowness when in the neighborhood of its aphelion ; and 
it i« evident that when the planet was in this latter position a small for- 
eign force acting upon it might so change its velocity as to completely 
thange tbe elements of its orbit, by causing it to foil upon the sun or 
fl; off into remoter space. A system of bodies moving in very eccen- 
trical orbits is therefore one of manifest instability ; and if it can also 
be shown that a system of bodies moving in circular orbits is one of 
unstable equilibrium, it would seem that, between tbe two supposed 
coDditJona a system might exist which should possess a greater degi-ee 
of stability than either. The idea is thus suggested of the existence of 
a system of bodies in which the masses of the different bodies are bo 
adjusted to their mean distances as to insure to the system a greater 
degiee of permanence than would be possible by any other distribution 
of masses. The mathematical expression of a criterion for such distri- 
batJon of masses has not yet been fully developed ; and the preceding 
illnstrations have been introduced here, more for tpbe purpose of calling 
the attention of mathematicians and astronomers to this interesting 
problem than for any certain light we have yet been able to obtain in 
regard to its solution. 
18 a 71 
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OF 8UXE METHODS OF IKTERPOLiIIO<r APPLICABLE TO THE OBADUATIOX 
OF IBBEeiLAB SKUIES, SVl'H AS TABLES OF HOBTALITIT, &C., AC. 



[Tbe portiona of the followiDg tnethoda of interpolation compriHing tbe formaloa 3, 
8, A, B, C, U, E, F, 11, 19, 13, 17, 19, 30, 31, 24, 25, 2R, 27, 28, 30, 43, 14, 45, 46, 48, 49, aod 
50,veTopTesetitoit to the Smi[b«oiiiaa iDStitntion for pablic»tioaia the fear 1868. 'Tbe 
method of conatntctiDg tables of tnortnlity from tn-o Biicceealvo ceasna oDDmerationa 
iru Hret gireii id Jouaar;, 18G9, and the formulaa 40, 41, 42, 53, 54, ?&, 56, and 59, 
in January, IWO.— J. U.] 

We have no analytical formnla which expresses the law of mortality 
«mi precision, and at tbe same time with sncb simplicity as to he prac- 
tically useful. For all the purposes of life iasurance and life anuaities, 
it is expressed by numerical series. The law is known to vary in dif- 
ferent localities, and even iu the same locality at difierent epochs. That 
which prevails in any community, at a given period, can he ascertained 
by eanmerating the persons living at tbe varions ages, and the deaths 
vhich annually occur among tbeu. BeJaced to onu of its usual forms, 
it is expressed in a statistical table,showing, out of a certain Dumber of 
persons bom, how many survive to complete each successive year of 
tiieir age. These nnmbers of the living form a diminishing series of 
aboat one hundred t«rms, whose first differeuces are the nambers dying 
during each year of age. We have reason to believe that a true law of 
mortality is a coutinuous function of the age, free from sadden irregn- 
larities, so that ia a perfect table the second, third, &c., orders of differ- 
ences of the series ought to go on continually diminishing, and each 
order by itself ought to show a certain degree of regularity ; in other 
words, the table should he well graduated. But, in point of fact, 
all parely statistical tables are irregalar, especially when the popula- 
tion observed has been small, and every table of mortality now in use 
has been graduated artificially. It was not strange that the Carlisle 
ttble, derived from records of population and deaths in a single town, 
shotdd show many irregularities. They have been adjusted to some 
extent, bat very imperfectly. The Combined Experience table, also, 
which was compiled from the records of seventeen British life insurance 
olBces, owes its better graduation to art rather than to nature. Fan's 
Goglish life-table, "So. 3, for males, derived from the census returns of 
Ka and 1851, and from the registry of deaths in Knglaud and^ Wales 
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for the fieventeen years fix>m 1838 to 1854, thoagh perhaps the beat ex* 
pressioD we have for the law of general mortality, is by no meaDs well 
graduated. In this case the population observed waa bo large that if 
the tables had been formed directly from the eonmeration of persons 
living and persons dyiug in each single year of age, and if tiiese obser- 
vations could have been relied npon as accarate, any irregnlarities then 
existing in the series might possibly have been thongbt to result from 
something peculiar in the law of life at certain ages. But it was neces- 
sary to combine the single years of age into groups, owing to the impos- 
sibility of ascertaining ages with precision. All persona were regniied 
to give their exact ages at last birthday, but the reports state that 
round numbers, snch as 50, 60, &c, were dt8pro[>ortionately numeroas, 
showing that the ages were not always correctly given. In forming the 
life-table Ko. 3 the years of age were grouped together into decennial 
periods chiefly, and the whole term of life was then divided into five 
unequal parts, so as to form a chain of sub-series, each of the fourth 
order, and not continuous at their points of junction. ' We- must con- 
clude, then, that the great irregularities now found at certain points in 
the series resolt tcom imperfect distribution, and not &om any irrega- 
larity in the troe law of mortality. 

A good system of distribution or adjustment, though not positively 
essentialin practice, isnevertbeless desirable, first, because a judiciously 
accosted table probably comes nearer to the truth than an nna^jnsted 
or iU-atUnsted one ; that is, nearer to what the stattstics wonld show if 
the population observed conM be made indefinitely large, uid if the 
numbers for each year of age coold be independently determined. 
Secondly, if the primary table is wdl graduated, all the various series 
of numbers derived from it, forming the usual " commatation tables" 
and tables of premiums and valuations of assurances and annuities, 
will be well graduated also, and this will sometimes facilitate the 
computation of such tables, because a part of the tabular numbers 
can be accurately found by ordinary interpolation, and errors of com- 
putation can be discovered by the method of differences. Many writers 
on the law of mortality have treated of the subject of adjustment, as 
may be seen in the pages of the London Journal of the Institute of 
Actuaries and Assurance Magazine, and elsewhere. The rule of least 
squares was used to adjust tbe American table given in the report of 
the United States census of 1860, (See the Appeudix on Average Bate 
of Mortality, pages 518 and 534.) The series there given, however, is 
not very thoronghly graduated, as can easily be shown by taking its 
successive orders of differences. In England, the "law of Gompertz" 
has been cbibfly taken as a basis. But it is not necessary to adopt any 
exdasive theory respecting the precise nature of that function which 
expresses the law of mortality. The following system of distribution 
and graduation is based upon principles which apply to any coDtinaons 
series of numbers, and is analogous to the ordinary methodf^^^f inters 
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pdation. It is oot without interest when regarded from a purely 
mathematical point of view. The general questioa as to how an 
irregular series can be made regular is answered by means of the 
obvioas principle that, although single terms in a series may deviate 
considerably from the normal standard, yet the arithmetical means of 
socoeesive groups of terms will be less fluctnating, because the errors 
of the single terms which compose each group tend to compeosate each 
ether, and also becaose the means of two groups which are partly com- 
posed of the same terms must necessarily approximate toward each 
other as the number of terms common, to both is Increased. In ordinary 
ioterpolatioD, we proceed fh>m some known single terms in a series to 
find the values of other terms ; in the present case, however, all single 
terms are unreliable, and the problem is to determine the single terms in 
a series when only the arithmetical means of some groups of terms are 
given. To find expressions for the sum, and consequently the mean, of 
tiie terms in any group, we shall make use of the known principle that, in 
a continuous series whose law is ^ven or assamed, the sum of a limited 
Diunber of terms can be regarded as a definite Integral, which is the 
aggregate of a succession of similar integrals corresponding to the terms 
coosidered.* 

vmsT Kethod of adjustment. 

We know that when equidistant ordlnates are drawn to the parabola — 

y=A+B»+(V 

they form a series of the second order ; that is, their second differences 

are constant. Let o represent the distance from one ordinate to another ; 

the area of the curve included between two 8a<^ ordinates will be— 

There x" is the abscissa corresponding to the middle ordinate of the 
area. Since this area is a Amotion of the second degree in x', it follows 
that when values in arithmetical progression, such as 1, 2, 3, &c., are 
assigned to x', the resnltiog areas will form a series of the second order. 
This being premised, let us assume any three areas, Si, Si, 83, so situ- 
ated that.the middle ordinates of Si and Sj shall fall respectively to the 
left and right of the middle ordinate of 81, which is taken as the axis of 
Y. Let Ni, Di, ns, be the portions of the axis of X which form the bases 
of these areas, and let Oi and o^ be the portions of the same axis inter- 
cepted between the axis of Y and the middle ordinates of Si and 3» 
respectively. Then we have — 

Sl=J_"^J|;*J|'y*^=n,[A-B«l4•0(^l»-^A«i*)] 
* Sm » note hj U. Ftonliet, appended to Vol. II of Storm's Coun fAnalgM de V&oU 
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8,= p*^*^ydx=ii3[A+Bflj+C(«3»+T^V)] 

Let S be a fourth area vhoBe base is n, and let x' be the abscissa cor* 
respondlDg to its middle ordinate ; then — 

S= rj'j^^'\ic=«[A+Bj-+C(t'*+A»")l ... (1) 

Eliminating A, B, G, from the above four equations employing P, Q, B, 
aa anxiliary letters, and dropping the accent from a/, we have — 
P=a3[j^+T^(«'-»2')]-j:K+A(n3'-«^')] "\ 

Q=-<i,[i"+^(n»-V)] +4-^1'+ ^("1* -"»■)] I 

K=a3K+yV(n,»-«a]+«,[aa'+TJ5(n,'-n,»)] V (2) 

-"[(-^)(l:)<D(l;)<i)(l:)]) 

This enables na to find the magnitnde S of an area whose position only 
is given, when the three other areas S|, St, S^, are given both in magni- 
tude and itoBition. . • 

Now let each of the fonr areas be divided by equidistant ordinatea 
into as many subdivisions as there are unit^in the bases ni, nj, nj and 
n respectively, these bases being supposed to represent whole numbers, 
and let Oi, o^, and x be each a whole nnmber or a whole number and a 
half, according as tti+n,, nt+us, and tij+n are respectively even or odd; 
then fdl the sabdivisions of the areas will be so situated that the ab- 
Bciasas corresponding to their middle ordinates will be terms in an 
arithmetical progression, and, consequently, the subdiviBions themselves 
will be terms in a scries of the second order. We may regard these 
subdivisions aa representing not areas merely, but magnitudes of any 
kind, and the areas Sg, Sj, Si, and S being the sums of gronps of sub- 
divisions, we see that formula (2) enables us to find the sum 3 of -any 
group of consecutive terms in a series of the second order when the 
sums S], St, S], of the terms in any other three gronps in the series are 
given. From the sums of the terms in each group their arithmetical 
means are known, and vice versa, for ni, nj, wj, and n are given, and these 
are the numbers of terms which the several groups contain. The 
gronps may be entirely distinct, or tliey may overlap each other so that 
some tfirms belong to two or more of them at once. The intervals be- 
tween the middle point of the group Sj, and the middle points of the 
groups Si, Si, and S are ai, Oj, and x respectively ; the interval between 
the middle points of wiy two consecutive terms being unity. We most 
regard a, and oj as always positive, while x may be either positive or 
negative. When n is made eqnal to unity, the formula gives the value 
of a single term S by means of the sums Sj, Sj, S3, of the three given 
groups of terms. The results are exact when the series taken is of the 
second order, but if it follows some other law, or is irregular, approii- 
mat« or adjtuted values for S will be obtained, ^d i( t];^ le/^tR^ |7onps 



METHODS OF INTEEPOLATION. 279 

are CAastAntly nsed as data, the single terms interpolated from them 
will themselves form a series of the second order. Assuming any three 
groups of terms in an; given series, regnlar or irregular, we can con- 
etrnct a new series of the second order, such that the arithmetical means 
«f tbe terms in the three corresponding groups in it shall be several]; 
iequal to those in the given series. 

In the special case in which the three gronps are consecntive,and con- 
tain Hi terms ea«b, taking formula (1), which expresses the sum S of any 
H terms in a group', the abscissa of the middle point of the group being 
x", we may assign to a^ its three values — Mi, 0, and +% la succession, 
obtaiaing the tiiree equations — 

Si=ni(A— Bn,+ }fOni*) 

S,=n,(A+iVC«i») 

S,=n,{A+Bn,+HCn;*) 

These sofKce to determine the three constants A, B, C ; and dropping 
the accent from «' in {1}, we bave^ 

A=^J26S,-{Si+S,)] 



>(A) 



This can be used in place of the more general formula (2), in all cases 
where the three groups are consecutive and of equal extent. 

We have here a means of approximating to the population living 
within each single year of age when the statistics are given by decades 
or other intervala of age, as is often the case in census reports. If we 
take iii=10, and let u represent what S becomes wh^ n=l, then form- 
ula (A) will reduce to — 

•'=iifeifr866S,-33{S,+S,)-|.40(S,-S,)j:-|-4(S,-|-S3-2S,);i^] . . (3) 

If, for example, 8i, Si, S^ are the numbers aged 30 and under 40, 40 
and under 60, GO and under 60, respectively, then giving x the values 
"~Jt-|-J,+f,&c, in succession, the resulting values of w will bethenum- 
hers aged 44 and under 45, 45 and under 46, 46 and under 47, &c. If 
instead of taking n=l we take n=^ or n=^, then by assigning the 
proper values to « we may find tbe population living within any desired 
halfyear or quarter of a year of age. (See Milne on Annuities, Vol. 1, 
Ch. 3.) Tbe same formula (3) enables ns to distribute among the single 
years of age the deaths which occur within any three consecutive de- 
cades of age during a given pei-iod of time. If the population or deaths 
vere thus distributed within every decade by means of tbe total^ £w| . 
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that decade and the two ptbers nearest to it, the result would be a-chaia 
of aab-series of the second order extending throughout the term of life, 
but not forming a weU-graduated series, because in general it would 
not be continnoaa at the points of jnnctioa between tbe decodes. It 
might, bowever, be made approximately continnons afterward by means 
of tbe secoiid method of adjustment, which will soon be explained. W'e 
must observe, too, that at the ages before 20 or after 80 tbe population 
and deaths vary so rapidly, that, in order to secure a good distribution 
by these methods, the data for those ages ought to be given by intervals 
of five years, or some othw number less than a decade. In the ages of 
infancy they should be given for each single year. 

Beverting now to the general formula (2), wo observe that the quan- 
tities -, r! ^ °?, are the mean values of the ordinate witliin the 
n' Wi' Ma' «a 

several areas, so that the formula enables us not only to Interpolato ttie 
arithmetical mean of a group of n terms in a series when the means of 
the terms in three othet' groups are known, but also to interpolate the 
mean value of a function within any interval n when its mean values 
within three other intervals ft], n,, nj, lure known ; so tliat if we know 
the mean annual rate of mortality for three consecutive decades of age, 
we can find 'the mean rate for each single year of age by formula (3), 
since Si, Si, S„ are simply ten times the given mean rate for their 
respective decades. 

When any one of the intervals ni, %, nj orn is diminished, the mean 
valne of the ordinate within such interval will evidently approximate to 
the value of tbe middle ordinate of tbe interval, and will become equal 
to it at the limit, when the interval becomes zero. Hence, making n= 0, 
we have -■ for the ordinate corresponding to the abscissa x, and (3) 



When S|, Si, 83, denote the population living within given intervals of 
age, the area ^ da: may be regarded as denoting the number living at 
the'exact age indicated by x, and if the population is a stationary Mie — 
that is, neiUier increasing nor diminishing, the product n'y will repre- 
sent the namtter of persons who attain that exact age daring the interval 
of time »' ; so that when the ages are grouped by decades, and we 
have n=0, fonnula (A) will give for the number of persons who annually 
attain the age indicated by x, since n' is unity, 

y=,^[6508,-25(S, + S») + 30(3a-S.)a; + 3{3,+ S3-2S,)a^] . (5) 
For example, when S|, 9,, Sj, denote the population aged 30 and under 
40, 40 and under 60, 50 and under 60, respectively, if ve assign to j: the 
vidnes — 1, 0,+l, &c., in succession, the resulting valnesof y will be the 
numbers annually attaining tbe ages 44, 45, 46, &c. It has usually 
been the practice to consider these numbers aa being represented by 
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the popnIatioB livlDg between the ages 43J and 44^, 41^ and 4^) ^^ 
and 16^, &c., respectively, and a comparison of formalas (3) and (S) 
ahows that the two sets of nnmbers would be almost identical, though 
not precisely so. The difference between them is — 

y — «=7TW (28.-8,-8,) 
a nttmber so small that it will not ordiDarily affect the first five signifi- 
cant figures of a resnlt. 

A considerably largi^ error ia iuvolved in the assumption that the 
ratio of the deaths annually occurring within any decade of age to the 
population living within sach decade represents the annual rate of mor- 
tality at the exact middle age of the decade. ( Assnr. Mag.,Yol. IX, p. 125.) 
Let »i, St, 83, be the deaths, and Si, St, Sg, the impulation, for any three 
coDsecative decades, then the deaths anuually occurring at the exact 
middle age of the middle decade are, by formula (5), making x=0, 
ydx=.^[26st~{si+syndx . 
. and ttie popalation living at the same age is, 

Tda!=^ff [26 8, - (8,+S3)]<iB 
K that the annual rat« of mortality at that exact age is, 

y 2fa,— (8.+^ ,) ,». 

Y=2te,-(a.+a,"J ***' 

The difference between this and the assumed valae % is snfBcient to 

liter the fourth siguiflcaDt figure of the quotient, and even the second 
and third at the older ages, as can easily be verified by assigning to Si, 
>i, &&, the numerical values for the varioos decades given by their log- 
arithms in Table lU of the Prefoce to the English Life Tables. 

Am regards the general accuracy of interpolations made by formula 
(S), it must be noted that near the middle point of the middle interval 
H) the values obtained will be more accurate than they will be at its 
^tremities, and the accuracy attainable will diminish as we proceed ont 
of the middle interval into either of the lateral ones. This is analogous 
to what we know to be the case with ordinary interpolations by second 
differences. And just as the degree of accuracy is increased by taking 
third differences into account, so here we c&a increase it by taking four 
intervals instead of three. This will give a curve of the third degree, 
vbich admits a point of infiexion, and is, therefore, better adapted than 
the conunoQ parabola to represent the form of a senes whose second 
difference changes its sign. 

For the sake of simjdicity, let us assume that the fonr areas 81, 8), 83, 
84, are symmetrically arranged with respect to the axis of Y, so that 
the distances from the middle ordinates of 81 and 84 to that axis shall 
be each eqnal to Oi, and the corresponding distances for S* and 83 each 
equal to <h, while the bases of the first and fonrth areas are each equal 
to n], and those of the second and third are each eqnal to Hf. Then taking 
.the curve.— 
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we obtain the integral — 

a= r^*"jdx=n[A+Bx+C{3?+^ni')+Dx{a^+in')] . . (7) 

wbich expresses the sum S of any n terms taken in a gronp, the abscissa 
of the middle point of the group being x. Substituting for n the foni 
values til, i» %i "if io succession, and for x the four corresponding val- 
ues — tti, — 0,1 +(i4, and -(-ai, we obtain the four equations — 
Si=n,IA — Boi+0(ai«+^n,»)— Dai(ai'+i»,")] 
S, = n,[A — Ba,+0(aa'+,V»>*)— I>a.(a»'+4V)] 
Sj=n, [A + Ba,+C (V+VjU.'} + D(it(V+ W)] 
a. = «i [A + Boi+0 (fli'+AV) + »«i W+M 
These are sufficient to determine tbe four constants A, B, C, D, and, 
arranging (7) according to the powers of jf, we have— 

1 / «i(12a,'+V)(S,+83)-n,(12a,'+«^*)(S.+S<) \ 
H «,n\"^ '. lii(a,»-a,*)+ni'-Ma'' / 

P^ 1 /' a,ni(4at'+n,')(8a---8i)-flaWi{Aq,*+tt,'Ha.-ai) 

„^ 6 ^ «,(Si+S0-«,{8,+S3) \ 



^ aan,(a.-S,)--q,>ti(S3- 3.) \ 



S=n[(A+-^CB')+(B+iDji.*)a;+Oa:*+D«'] 
This formula enables ub to interpolate the sum S of any n terms in a 
group precisely as (2) does, but more accurately. It gives exact results 
when the series taken la of an order not higher than the third, and 
approximate or adjusted ones in other cases. With any given series, 
taking fonr groups of terms symmetrically situated on each side of a 
middle point which becomes the origin of coordinates, we can constroct 
a new series of the third order, such that the arithmetical means of tbe 
terms in the four corresponding groups in it shall be equal to those io 
the given series. Jf 12ie four groups are conseoutiTe and contain iti 
terms each, we have — 

0i==3»i, *la=}«i 

and the constants reduce to-^ 



C=jip((S,+S,)-(3.+8.)l 



1(B) 



D,j,ii.db,Google 
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When the sums Si, Sj, Si, S,, denote population living or denttis occnr- 
ring irithin foiir coDsecutive decades of age^ and u denotes tbe uumbers 
fot a single jear of age, then we have — ' 

n,=:10, n=l, SsH 

and coneeqneDtly — 

+5Sy{(S,+S.)-(S.+8,)] 
+6i^f(S*-S.)-3(S3-S.)] 

When the valaes of A, B, 0, D, are snbstituted in the equation of the 
CDire, the Dumber of persons who aunuallf attain the age indicated by 
I Ib expressed thos : 

»-Eo['(S.+S.)-(S,+8,)]+ji)[16(S,-S,)-(S.-S,)J^ 
. . MOT 

Iliese last two fonnnlaa may be nsed instead of (3) and (5) when 
greater accaracy is desired. It will be easy to obtain similar ones for 
cases in which the ages of a popniatioa are taken by intervals of five, 
twenty, or any other number of years. 

Let as now assome flv^ or more groaps, with a carve of the geeeral 
fonn— 

Hud, to make the case as simple as possible, let the gronps be conseca- 
tive and composed of % terms each. The sum of any n terms in a 
group will be — 

+F4a;*+|»V+A«')+G(a^+inV+-^«V+TV»«) S (U) 
+Ha:(a*+}nV+i'gnV+^n'')+&c] ) 

vhich, arranged according to the powers of x, is — 

+(C+JEn»+TVG«'}^+(I>+^Fw'+TVHBV+{B+4G»V > (12) 

If we assume only five groups, the series will be of the fonrth order, the 
constants F, G, &c., wilt be zero, and by substituting for x in formula 
(11) the five values — 2ni,— ni, 0, +«i, and +2ni, in succession, and put- 
ting ni for n, we shall obtain five equations by which to detenniQe the 
five constants as follows : i CiOO^Ic 
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-*=I520i-,12''"'+'(^'+S''-"''(S'+S.)l "( 
C=j5^[12(3.+S,)-22S.-(S,+S,)] y (P) 

'==2ni?I* S.+(3.+S.)-4(S,+8.)l 
This, in counectioo vith fonnnla (12), enables ns to express the 
sam S of any group of n terms in a series of the foorth order by means 
of the sums 81, Si, Sj, St, Ss, of tlie terms in any five consecutiTe groups 
of Hi terms each. In case the given series is of a higher order than the 
fourth, or irregular, we can find a^usted vaines for each term, and for 
any given set of groups assumed these valacs will form a series of the 
fonrth order. If we take ni=10, formulas similar to (3) and (5) may lie 
obtained, by which to interpolate nnmbers for each single year when 
statiaticB of popnlation and mortality are given by decades of age. 

Farticolar relations exist between thenomericalcoefScients of 8|,Sj,&c;, 
in the values of the constants A, B, &c., in this and similar formulas. In 
theexpressioufor A, the factor +2134 belongstoasingle quantity S], while 
the foctors +9 and — 116 belong each to two quantities. So we have— 

2131 + 2x9 - 2x116 => 1920 
and 1920 is the numerical part of the denominator of the fraction out- 
side the bracket. In the expression for B a different relation appears. 
From the middle of the group Si to thatof S^is'a distance of two inter- 
vals, while tcom Si to 8» there are four intervals. We have accordingly— 

2x34 - 4x6 = 48 
and 43 is the numerical part of the denominator of the ftaction without 
the bracket. Similar relations are found in the expressions for 0, D, 
Mid E, except that the totals are equal to zero instead of to the deuomi- 
nator of the fraction. 

Again, assuming six consecutive groups of equal extent, with a curve 
of the flfUi degree, whose origin of coordinates is at the point of division 
between the third and fburth groups, and pursuing tiie same method as 
before, we find that the six constants are-^ 



Ud) 



B=i5ijj[246(S.-S,)+2(S,-S,)-2B(S,-S,)l 
0=^[7(S,+S,)-6(S.+S.)-(8,+S,)l 

''=s^J"<*-^'-28(s.-ai)-(s.-s>)l 

E=jj^[2(S,+S.)+(S,+S,)-3(S,+S,)J 
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In lite maDDer, assaming seven groups, Trith a cnrre of ttie Bizth degree, 
TB And the seven constants — 

C=35jj^,[3436(S.+S5)+37(Si+8,)-6<B0S.-462(S,+S,)l 
D=2jj^.p2(S.-S,)-83(S.-S.)-7(S,-8,)] VB) 

fi=55jjj[2«S.+64(S,+8,)-m(S,+S,)-6(H,+S,)J 

G=,5i^[16(S,+S,)+(S,+S,)-20 8,-6(8,+8,)] 

80 also with eiglit groaps, and a carve of the seventh degree, the eight 
constants are — 



C=jjip[273(S.+S,)+I(S,+S,)-216(S,+S,)-65(S,+S,)l 

B=ijijp[lI(S.+8.)+8(S,+B,)-18(8,+8,)-(a,+S,)J 

°=nrol'(^+*'+P.+SS-6(S.+S,)-5(S,+S,)] 



>m 



In the same way we mii^t determine the nine constants for a curve of 
the eighth degi«e, and so on ; for the operations required, thongh some- 
what tedious, are always possible." We have fonnd, then, a very simple 
and general method by which, when any m+1 consecutive groaps of 
equal extent are assomed in a given series, a new series of the mth 



* Bee fonnalft (O) in Appendix L 



..Google 



286 METHODS OP INTEBPOLATIOIT. 

order can be constructeil, Bach that the arithmetical means of the tenas 
in tbc ifl + 1 coirespondiug groups in it will be severally equal to thon 
in the original series. 

Let us DOW proceed to apply this method to the gradnajtiou of an 
irregular rate of mortality. , Column (a) in Table I shows the proba- 
bility of dying within a year, at each age, from 20 to 79, as experi- 
enced by the life insurance companies doing business in Massachu- 
setts for seven years ending jS'ovember 3, 18G5, and given in the 
commissioners' report. The terms of the scries are 100 times the quo- 
tients arising from dividing the number of deaths in each year of age . 
by the number of years of life exposed to mortality at that age. For 
example, the number 1.98 opposite the age 69 signifies that of the 
insured persons who attained that age about 2 per cent, died within the ' 
following year. The great irregularity of this series is apparent at a 
glance. The observations on which it is based wero not such as to give 
it very high authority as a law of mortality, and it is introduced here 
merely to illustrate the method of graduation. The rate which it 
shows is too low throughout almost all the ages, owing mainly, no doubt, 
to the recent selection of most of the lives observed. The life insurance 
companies of America are of recent and very rapid growth, and in the 
present case the average duration of the policies observed probably did 
not mnch exceed, if it equaled, three years. It is well known that in 
a class of persons aged fifty years, for instance, who have been recently 
pronounced healthy by a medical examiner, the rat« of mortality may 
be expected to be lower than among another class of similar age, 
whose examination was made ten, twenty, or thirty years earlier; for 
some of the latter will have contracted disease in the mean time, while 
others, probably among the healthiest lives, will have surrendered their 
policies or allowed them to lapse, thus deteriorating the average vitality 
of the insured. The present rate, therefore, cannot be regarded as a 
jiermanenMy reliable one. At the ages 20, 21, and 22, however, the rate 
is too high. This may be merely accidental, owing to the fact that only 
a small number of lives were observed at those ages. 

In the first place, let us construct a representative series of the fourtb 
order. The sixty terms of scries (a) form fire groups of twelve terms 
each; their sums are — 

S,=9.15, Si,=9.06, Si, = 13.03, 84=28.51, S,=87.84 
and when we take — 

iii=12, »=1, S=tt 

formulas (0) and (12) give — 

^ 2432.081 267.85 ^ 67.19 t^_39.79 ^ 12.445 

■^- 16(12)" '^""4(12)^' *^~16(12)" "~(12>" "'"~"(i5f 
and consequently — 
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TiULB J. 



Age. 


(«) 


(6) 


(0) 


Age. 


(0) 


W 


(«) 




.99 

.90 
.92 
.67 
.82 
.70 
.67 
.Ufi 
.07 

'.7i 
.80 
.(» 
.60 
.Bl 
.74 
.13 
.65 
.82 

.87 
.78 
.84 
.79 
.91 

.es 

.97 
.92 
1.03 
.96 


1.07SB7 

.97386 
.88(150 
.81546 
.75897 
.71543 
.68326 
.66105. 
.64744 
.64119 
.64117 
.64633 
.65572 

.6«B7 
.70145 

.7^039 
.740;18 
.76106 
. 7S219 
.80363 
.82535 
.84740 
.86994 
.89323 
.917(52 
.94359 
.97168 
1.00256 
1.03690 


.71465 

.74li0li 
.7Bfil5 
.77713 
.7dl00 

.77949 
.774IU 
.706:>5 
.75793 
.74779 
.73387 
.73115 
.79520 
.72U4 
-.72030 
.72173 
.79617 
.73301 
.7440tj 
.7575G 
.77402 
.79339 
.81^1 
.84062 
.60838 
.K9891 
.93224 
' .96849 
1.00783 
1.05053 


50 

51 

52 

53 

54 

55 

56 

57 

68 

59 

60 -•- 

61 

63 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

70 

77 

78 

79 


.97 
1.01 
1.06 
1.31 

1.80 
1.21 

l!65 
1.70 
1.96 
2.09 
S.08 
1.89 
2.75 
2.50 
3.61 
3.01 
4.02 
4.26 
3.31 
6.80 
5.00 
6.84 
6.14 
4.58 
4.50 
7.53 
11.31 
11.69 
15.88 


1.07589 
1.12001 
1. 17063 
1.22864 
1.29589 
1.37314 
1.46206 
1.50419 
1.68121 
1.81487 
1.96703 

5. 13906 
2.33480 
2.5G463 
S. 80139 
3.07746 
3.38528 
3.72742 
4.10656 
4.59541 
4.98fi88 
5.49390 

6. 049r>5 
6.65697 
7.31943 
8.0-1030 
8.82302 

. 9.67116 
10.58^39 
11.67845 










































1. 942S3 
2.09546 

a.2eo.'i7 

2.4G499 

9.68782 














3.29655 






3.91501 

4.32758 















































«=1.055794+.03879144jT+.002432280a^+.0001599072a:' 
+.0000041C7808j^ 

Tliis is the eqaation of the new series. Sioce the. origiD of coordiuates 
is at the middle point of the middle groap, if we aaaign to x the values 
~i)+ii+|i ^^-i t''^ resulting valaes of u will be the terms belonging 
to the ages 49, 50, 51, &c. When any five coDBecutive terms have been 
computed in this way, and their four orders of differences are taken, 
Ibe rest of the series is readily constrncted therefrom. The complete 
Beriesis given in column {b). It will be found that the sums of the terms 
m the twelve-yeac groups 20-31, 32-43, &c., are identical with thoae in 
series (a), and couaeqaeutly the arithmetical means of the terms in these 
groups are the same in the two series. 

Kext, let the required series be one of the fifth order. Taking six 
groups of ten terms each, their sums are : 

S,=7.61 ai= 8.95 S,=29.42 

S,=7.32 S*=14.02 Ssfc80.27 

and using formula (D) we obtain the eqaation of the series — 

11=1.0732474+ .04640701 j:+ .0019699583^4- .00007920042** 

+0000O491GG67a:'+.00OO0O1071C67 ji* , ,.d by GoO^lc 
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The origiD of coordinates is the Bame ae in the pievioQS case, being at 
the point of divisioD between the third and fourth groaps. When any 
Bix coDsecutiTe terms have been computed and their five orders of dif- 
ferences are taken^ the rest of the series is easily constructed. It a 
given in colnmn (c). The sums of the terms for the decades 20-29, 30- 
39, &&, are the same as in the original series. 

It may Boem strange that the two series (&) and (o) shoald differ so 
mnch as they do, especially at the earlier ages. There are two reascms 
for it. In the first place, they are derived fivm two difl'ereat sets of 
groups; and as the original series is extremely irregular, the sums S|, 
St, &o., must vary somewhat from their normal value, and vary diffier- 
ently in the two series, thus affecting the values of all the single terms. 
This source of error, however, can be very mnch diminished,* If not 
entirely removed, by making a preliminary a^justmeut by the second 
method, as will be shown hereafter. In the second place, there is an 
essential difference in the nature of the two series (b) and (c). In.(&) 
the general term u is expressed by a polynomial of the foorth degret 
in X. When the two values +co and — o are assigned to x, the result- 
ing value of u will have the same sign in both cases, because the 
highest pover of n: is an even one. But in the equation of series (c) the 
highest power of xis odd, so that the valaesxic4-co andie= — co will 
give contrary signs to «. In general, when a series of an even order, 
■such as (b), is extended indefinitely lb both directions, ite terms wilt go 
on increasing algebraically at both extremities, or diminisIuDg at both; 
but a series of an odd order like (o) will increase at one extremity and 
diminish at the other. It is evident ttiat the original series (a) tends to 
increase at both ends, as also does (6), while (0) diminishes at the earliest 
ages and increases at the latest ones. This has a considerable effect on 
the form of the series. In (fr) there is a. minimum of .04117 at the age 
30, and no maximum at all, while (c) has ita minimnm of .72020 at the 
age 34, and a maximum at 24. It appears that {b) represents (a) more 
faitliftdly tlian («) does, and in like manner we may presume that in this 
case a series of the sixth order wonld be better than one of the seventh 
order, and, in g^eral, that if a given series tends to increase at botli 
ends, aa any rate of mortality of this nature does, or to diminish at 
both ends, its representative series ought to be of an even order, while 
if it tonds to increase at one end and diminish at the other, the new 
series should be made of an odd order. Bnt there will be some excep- 
tions to this rule, and of course, other things being equal, the grater 
the number of groups taken, and the higher the order of the new series, 
the more f^thfuUy will the original one be represented by it. 

BBOOHD METHOD OP ADJUSTMENT. 

If in formnla (2) we make fij an odd nnmber, and assume — 
"3— %j fh—ti 
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ud let W represent what 9 becomes when we take — 

n=l, x=0 

tben v' will be the middle term of the middle gronp S„ and the lateral 
groups 8| and Sj will be aimilarl; situated on each side of the middle 
gronp and its middle term. We have theu — 

This formnla enables ns to adjust the value of any term in an irregnlnr 
series, by taking it as the middle term with an arbitrary number of ad- 
jacent terms on each side of it, all together forming the middle group in 
wfaich the sum of the terms is Si and their number is n,, and takinj; two 
other arbitrary groups, Si mid Sa, containing rti terms each, and situated 
one on ench side of tlm middle term and equidistant from it. The dis- 
tance from the middle point of the middle group to that of either lateral 
lpt>op is di. The simplest case which can arise is where we take five 
consecutive terms, u,, u,, Ug, u^, Uj, and assume tbe three middle ones as 
the middle group and the first one aud last one as the two lateral groups; 
then — 

n3=3, ni=l, a|=2 

aad formula (13) gives, as tbe ai^nsted value of the middle term u^ 
«',=A[48,-(a,+S3)] 1 

When seven terms are talieu, live iu tbe middle group and two In each 
lateral one, so that the second and sixth terms belong to two groups 
each, we haviv— 

n,=5, ii,=2, o,=J 

and the formula is — 

<=^[13S,-5{S.+S,n ) 

>(15) 
=:^f>3(M3+ti4+«,}+8(«.+«.)-6{«,+i(,)]) 

The accuracy of formulas (14) and (tC) can easily be tested by trial with 
■ay series of the second order, the adjusted valne of the middle term 
being in this ca«e the same as its original value. - A simple relation ex- 
itts l>eween tbe numerical coefficients of «i, «%, &c. For example, in 
formnla (15) the coefficient +13 belongs to three terms, -f 8 to two, 
ud — 5 to two, ami we have — 

3x13 + 2x8-2x6 = 45 
and 45 is tbe denominator of the fraction outside the bracket. The 
namerical coefficients within the bracket may therefore be regarded as 
the icvight4 of tbe terms to which tbey belong, so that the weight of 
e-ach of the terms uj, ««, aud v, is 13, that of «t and u« is 8, and that of 
«i and v, is — \i. 
By varying the positions of tbe groups in formula (13), andi^e nmiir 
19h71 l ,_ I t^iOl.>glC 
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ber of terms in each, we might fiDd an unlimited number of adjastment 
formalas, but (14) and (15) will serve as specimens. Similar results caa 
also be arrived at by another method, which is very simple. We know 
that in a series of the third or any lower order the fourth differenoes 
are zero; that is, any Ave coQsecutivo teims are connected by the 
lelation — 

Kg— 4t((4-6u3— 4tii+Ui=0 * 

and, conBeqnently, we have — 

10Ma=4(Kj+M3+«i}— («i+«s}) 

«3=A[4(«.+ «3+ «.)-("!+«*)] . . . (16) 

This is identical with formula (14), which is thus shown to hold good and 
to give exact results when applied to a series of the third order as well 
as the second. It is therefore equally well adapted for grstdnating any 
series, whether it has a point of inflcxiou or not. The same is true of 
(15) and all other formulas derived from (13). 

When applied to an irregular series, such formulas can be mmlifled so 
as to give adjusted values which will approximate to the original ones 
more or less closely, as may be desired. Take, for instance, formala (10). 
If we add ftwj to both members of the eqoation nest preceding, it will 
stand — 

(10+fc)«,=(4+fc)«3+4(«,+iiO-(«i+%) 
and hence we have — 

This formula differs from (IG) in no respect except that the coefficient of 
«3 within the bracket, and the denominator of the fraction without the 
bracket, have both been increased by the same quantity k. Since fcniay 
have any value whatever, we see that the weight of the middle term Uj 
can be increased or diminished to any desired ext«iit, the denominator 
of the fraction without the bracket being increased or diminished by 
the same amount. Thns if we desire that the weight of ttg shall be 9 
instead of i, the formnia will stand— 

«j=T^[9«i+4(«,+u,)— (tii+«,)l . . . (17) 
In this way the value of each term in an adjusted series can be made to 
depend on, and approximate to, that of the corresponding term in the 
original senes to any extent that may be required, and, of course, the 
closer this approximation, the more nearly will the form of the new 
series resemble that of the original one. 

When more than Ave terms are to be included by an adjustment for- 
mula, the relative weights of the terms can be varied by combining two 
or more formulas together. For instance, (15) gives, if we drop the 
accent Irom u'4, 



45««=13(«j+U4+(i,)+8(«,+u«)— 5(Mi+t(,) 
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and (16) may be written — 

10fc«4t=fc(4(w3+U4+«a)— (Kj+us)] 
Adding tliese two equations, we obtain — 

SiDce I may have any value, let ns determine it so that the excess of 
the weight of uj and u, over that of «, and u« shall be eqnal to the ex- 
cess of the latter weight over that of «i aod u^. This gives — 

13+4fc— (8— ft)=8— )l:+5 
and, conseqaently, ^=^ The formula then becomes — 

«<=3yil(«,+«,+ai)+4(wj+«s)— 3(«,+«,)] . . . (18) 

and, if the weight of the middle term is increased by 7, we have 
finally— 

«.='Ml8«4+ll{Mai-M6)+^(«i+«<i)— 3(«i+«>)] ■ • • (19) 
Hrae the weights increase in arithmetical progression, from the extreme 
terms to the middle one. 

To obtain a similar formala inclading nine terms, we may proceed as 
follows. In a series of the third or any lower order the fourth differ- 
ences are zero, and any &ve consecutive terms are connected by the 
relation — 

«s — 4 w»+6 M) — 4 Ut+Vt =0 
In a series of the fifth or any lower order the sixth differences are zero, 
and for any seven consecative terms we have the relation — 

«, — 6«,+15«, — 20«4+15u3— 6«i+«i=0 
la a series of the seventh or any lower order the eighth differences are 
zero, aud any nine consecutive terms are connected by the relation — 

«9— 8w,+28«,— 5CM,-f-70M(i— 5C«4-|-28«3— 8«,-!-«,=0 
Hence^ considering any. nine consecutive terms in a series of the third 
or any lower order, we have — 

126«,=66(«,+«s+«,)— 28(Wi-i-u,)-|-8(«,-|-«.)— (w,+Mj) 
35ifctt,= 15l{i(,+«s+«8)— 6fe(«3+«,)-t-i(M,+«a) 
10ifMs=4fc'(«,-l-«B-f-Ms)— i'(«3-t-wi) 
Adding these three equations together, we obtain — 
(136+35 lfc+10 Jc')us = (58-1- 15fc-t-4 Tc')(u,+ k^-I-m,) — (28-|-6 it -)-*'){ «»+«,) 

+(8-|-ft)(«t+a»)— (Ki-l-ws) 
vhich expresses a general relation between any nine consecutive terms 
in a series of the third or any lower order. The numbers k and if being 
entirely arbitrary, we may make the coefficients in the second member 
of the equation form an arithmeticnl progression by taking — 
{S+k)+2[2S+Ok+li:')+{56+15k+ik']=0 

_l_2(8-l-fc)— (28-f-6it-l-if)=0 ...dbyGoO^lc 
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These two conditions give the two values — 

it=— V, i^=15 

so that the equation reduces to — 

a^ a,=i(«4+«,+«e)+2(a,+«,)+ J{«.+«>)— (tii+«9) 
and adding § «$ to both members, we obtain — 

«»=All«''*+7(«*+««)+*(«3+«^)+(«*+''.)— 2(u,+«,)] . . (20) 
The same resalt can also be rencbed by deriving from tbrmnla(13) 
any three special adjustment formulas comprising five, se%'en, and nine 
consecutive terms res)ieetivel^', and then combining them together in 
the manner above indicateil. There is evidently no limit to the number 
of tenns which mif^ht be included in formulas found by these methods. 
With eleven terms, we have the following : • 

u,=,t5[45ti,+34(u.+u,)+23(U4+«,)+12(w,+«g)) 

+(t<.+«<i.)— io(«.+t«.i)] y 

in which the weights are in arithmetical progression.* 
If we consider any seven consecutive terms in a series of the fifth 

order, placing the sixth dififereuce alone equal to zero, the equation thus 

formed will give — 

«^=3^['5(«3+«*+«»)— 6(w,+«,)+(tti + M,)] . . (22) * 

This might be used as an adjustment formula, possibly with good effect 

in continuing the graduation of useries already approximately adjusted. 

It will give exact results wbeu applied to a scries of the fifth or any 

lower order, and the weight of the middle term ti^ can be increase*! or 

diminished if desired. So, too, when the eighth difierence is placed eqmd 

to zero, we obtain the formula— 
Mj=Ti^[5C(«,+t<.+«,)—28(«i+«,)+8(tt,+a,)— {«,+«,)] . . (23) 

which will give exact results if applied to a series of the aeventli or au7 

lower order. 
The second method of adjustment can be applied to the logarithms of 

a series of numbers instead Of to the numbers directly. If, for instance, 

the logarithms form a series of the third or any lower order, then for 

any five consecntive terms formula (IC) gives — 

log«a=TVWlogw,+loga3+logti,}— (logWi+log«,)J 

and consequently — 



K^y 



This relation will evidently hold good for any five consecutive terms 
in a geometrical progression, because their logarithms are in arithmetical 
progressioD ; that is, they form a series of th^ first order. We cim 
easily see how any similar adjustment formnt&can be transformed at 
* For iuijiroved funnalM of this ukture, aee Ajtpendicea 1 aod IL 
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once in this way. The weiglitB of the BCveral terma become their expo- 
nents, the l«rms with posldre weights l>econie factors in tlie inimerator 
of ai^ction, while those with negative weijihts are factors in the denom- ' 
iuator, and the fVaction without the bracket becomes the exponent of 
the whole. Thus (22) is trausfonued into — 

which expresses a relation existing between any seven consecutive terms , 
in a series whose logarithms form a series of the flftli or any lower order, 
lu all formulas under the second method, the weights of the sevcrnl 
terms, depending on the position of each one with reference to the mid- 
dle term whose ai^usted value is sought, may be called local weights, to 
dJHtingnisli them from the intiinBic weight which any term may have 
by virtue of the relative goodnesa of the observations taken to deter- 
mine its value. We may regard the total weight of a term as com- 
pounded of these two elements, so that if, for instance, the local weights 
of five consecutive terms are taken as in formula (10), and if we wish 
also to take the intrinsic weights cu <^, cj, &c., of the terms into hccouut, 
the adjusted value of Uj will then be — 

_ i(<hV3+<hU3+CtU,)~{C,U,+CiUt) .„.. 

• "*- 4(c,-fc,-i-C4)-(c,-|-c») ' - ■ \*> 

We know that this formula gives exact results when the series «,, »,, &c, 
is of the third or any lower order, and the intrinsic weights Cj, Cf, &&, 
are all equal, and we may naturally expect that the results will be 
approximately correct when the series U|, Ui, &c., approximates to regu- 
larity, and the intrinsic weights of the terms do not differ very much 
from one another ; so that in such cases something will be gained in 
accuracy by taking the intrinsic weights into account. 

By the use of formulas such as (16), (17), (19), or (2fl), we can grad- 
uate approximately all the terms in a series except the first two and 
last two. These also can be reacbed by means of the general formula 
(2). Let na take six conaetuitive terms in three groups, so as to have — 

ni=3, )ii=2, ih—h at=J, <h=ii n=l 

Then for the first term we have — 

a!=— J, S=«i 

and the formula reduces to — 

w.=i(flSi-5S,+48a) 



fiti^lS ' 



=J[fi(Wi+«j+«j)-5(«*+«»)+* 
For the second term we have — j 

i=_4, 8=11, i 

aud conseqnentiv — 

«,=^(14 8,-1-4 8,-683) • ) 

M26) _ , 
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These formulas give exact results vhen applied to any series of tbe 
secoud order. 

Let us uow make «a an even number id formula (2), and assome as 
before — 



n=0, x=0 

tben y' is the middle ordiuate of the middle area S3, and we have this 



s'-S+i 



^.[l-<^)] • • <-' 






When Si, Si, Sj denote stationary population living within three inter- 
vals of age, the two lateral inter^'als l>eiug of ni years eacti, and their 
middle points being each distant di years from.the middle poiut of the 
middle interval, wbieh consists of n^ yentu, then y' is an adjusted value 
for the number of persons niio annually attain tbe exact middle age of 
the middle interval. The simplest case is where we have tbe populations 
«i, «„ Ma, w,, living within four consecutive years of age, and take the 
two middle oues as the middle group, and each of the others as a lat- 
eral group ; then — 

«i=l, ni=3, «i=f ' 

and (27) reduces to — 

For example, if «i, ««, u,, ut, denote stationary population living within 
the ages 38 to 39, 39 to 40, 40 to 41, and 41 to 42, then y' is tho numl>er 
annually attaining tbe age 40. And even if tbe population is not 
stationary, but increases or diminishes f^m natural causes or by migra- 
tion, still, if tii, tii, &c., denote tbe mean population living within the 
ages named during a given number of years, then y" will be the mean 
number annually attaining the age 40, as before. 

Attjnstment formulas analogous to (13) and (27) can also be derived 
from (8) by taking x=0 and n=l or n=0. It can be shown that (13) 
and (27) are particular cases under these, so that all the special adjust- 
ment formulas derived from -them will give exact results when Epplied 
to series of the third order as well as the second. 

If in formula (8) we take n,=M,=0, then ^ , - , — , and 2i will rep- 

resent ordinates to tbe curve, and may be denoted by yi, pt, Vit and y» 
If we also take — 

a;=0, ai=h flj=i, "=1. S=«' 

then (8) reduces to — * 

«'=A(13(y>+jfa)-(s.+i/4)] . . . (29) , 
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Hore jf), ffif y,, and y^ are foar equidistant ordioatea to a cnrve of tbe 
third or auy lower order, and u' is the area betweeu tbe two middle ordi- 
nates. Hence, when the tocan namliers of persons annually attainiog 
each of four cousecntiTe ages are kaowD, the mean population liviug 
betveeo tlie two middle ages can be computed, by tbts formula. For 
instance, if 3/1, yi, 1/1, nod jit denote the numbers annually attaining the 
ages 39, 40, 41, and 42, tbea u' is Cbe population living between the ugea 
4U and 41. 

Let us now make a practical application of tbe second method of 
adjastmeut, iu graduating the irregular rate of mortality given in column 
{4) of Table II. This is a new experience table quite recently published 
Id England in an unadjusted form. It is probably correct in its essential 
features, and suited for practical use, having been prejiared by the Insti- 
tute of Actuaries, from tbe experieuce of twenty British life insurance 
companies, all of which had been iu existence more than twenty years, so 
that the average duration of the imlicies observed was about nine years. 
The original publication not being at hand, the data have been taken 
as they are given in the Massachusetts and New York State Insurance 
£e[)ort8 of I8C9. The probabilities of dying within a year at each 
a^e, acconling to these data, and multiplied by 100, are as they stand 
in column (d), for the ages 18 to 91 inclusive. The original series ex- 
tends from the age 10 to 96, but a few of the earliest and latest terms 
Bhow such irregularities as to be evidently worthless for tbe purpose of 
graduation. This is owing to the paucity of observations at those ages. 
There were no deaths at all at the ugea 11, IC, and 04, and no survivors 
at the age 97. The eight terms from 10 to 17 are therefore rejected 
here, and their places supplied by others taken from the English life- 
table, No. 3, for males, reduced a little to correspond with the new rate. 
The sum of tbe terms for the eight ages 18 to 25 is 5,18G2 by the new 
table, and is C.6T75 by the table No. 3. Accordingly, each of tbe first 
eight terms in series (d) is taken from the table Bo. 3, but diminished 
in the ratio of 00773 to 51862. The eight last terms, from 92 to 09, 
have been obtained in a similar way, nsing tbe sums of tbe terms for - 
the eight ages next preceding, so as to increase tbe values given by 
the table Mo. 3 in tbe ratio of 18430 to 184CG. Series {d) thus com- 
pleted, has beeu approxlniately adjusted by means of formula (20), 
which reaches all the terms exeeitt tbe first four and lust four. The 
result is given iu columu (e). For instance, at the age 30 the adjuatcd 
term is — 

«s= 3V[8.2341+ 7(.74000+ .72927)+ 4{. 7 7808 +.83035) 
+{.66324+.83200)-2(.C9197+.8;34fi)] 
=.77770 
At tbe ages 13 and 96 the adjustment has been made by formula (IS), 
at the ages 12 and 97 by (16), at 11 and 98 by (20). and at 10 and 99 by 
(25). To diminish some irregularities still existing in series (e), the adjust- 
ment has been repeated, only this time formula (16) was used throughout. 
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The resnlt is shown in coIdidd (/).* This is a roughly adjusted series, 
approxiinatiug closely to the form of the original series (d); too closely, 
boirever, for it retains at least one nndulation which is abnonoal, and 
voiilil doubtless not have appeared if the uiimberof observations on 
which the earlier portion of series {d) is based bud been very greatly 
increased. It is an acknowledged principle that after the age of 12 or 13, 
at which the probability of dying within a year is a miaimuui, the rate 
of mortality ought to go on increasing continuonsly up to the limit of 
old age. Bat in series (/) it increasea up to the age 22, then diminishes 
up to 2S, then increases again cootjnuously. To remedy tliiii fault, and 
also to perfect the graduation, some further process of at^ustment will 
be required. 



Age. 


(«!> 


(0) 


(/) 


Decad«. 


(ff) 


(*) 


Ag«. 










4-13 

5-14 


«.050t 
6. .1587 






"wV. 


."43626" 


'isaii 


.'43143' 


■"" ".'48670' 


"ii 


11.. 


.39292 


'.30VM 


.39407 


6-15 


4.8884 


.40437 


11 


la.. 


,37047 


.37034 


.37184 


7-16 


4.6U01 


.39659 


12 


13.. 


.:i657fi 


.30.'>e0 


.364':0 


8-17 


4.4594 


.40030 


J3 


14.. 


.37692 


.37312 


.37120 


9-18 


4.4366 


.41283 


U 


15.. 


.40177 


.36639 


.40160 


10-19 


4.5052 


.43100 


16 


16.. 


.43719 


.45493 


.44966 


11-20 


4.6434 


.45659 


16 


17.. 


.46163 


.51192 


.51620 


12-21 


4.8323 


.48231 


17 


18.. 


.G06<«6 


.68421 


.57B07 


13-fi3 


6.0562 


.51074 


18 


19.. 


.70219 


.62583 




14-23 


6.3021 


.53984 


19 


SO.. 


.58236 


.65223 


.66049 


15-24 


6.6607 


.56879 


90 


21.. 


.70064 


.68770 


.67639 


16-26 


&.8dl0 


.59700 


31 


»i.. 


.62151 


.67417 


.68445 


17-26 


6.0793 


.G2404 




S3.. 


.77380 


.67688 


.67164 


18-27 


6.3318 


.649ti6 


31 


S4.. 


.C836D 


.65849 


.65506 


19-28 


6.5743 


.67373 


94 


25.. 


.G16;10 


.63396 


.64249 


20-29 


6.8058 


.69625 


SG 


26.. 


.69197 


.65258 


.64742 


21-30 


7.0281 


.71731 


96 


27.. 


.63324 


.WBSO 


.G8:!05 


22-31 


7.2357 


.73708 


97 


28.. 


.77808 


.72668 


.72526 


23-32 


7.4361 


.75580 


26 


29.. 


,74000 


.76574 


.76056 


24-33 


7.6292 


.77374 


29 


30.. 


.82341 


.77770 


.78233 


25-14 


7.8176 


.79122 


30 


31- 


.7^27 


.79659 


.79489 


26-35 


8.0042 


.W1658 


31 


82.. 


.SI63ri 


.81111 


.81229 


27-.4I6 


8. 1921 


.82618 


3S 


33.. 


.83200 


.82694 


.e24:t2 


28-07 


8.3S45 


.84437 


33 


34.. 


.nrne 


.83797 


.64023 


2*-38 


8.5848 


.66351 


34 


35.. 


.d2319 


.HOTM 


.6()4:t3 


30-39 


8.7964 


.68399 


3G 


36.. 


.1*7678 


.90344 


,90477 


31-40 


9.021B 


.90613 


» 


37.. 


.9uG.W 


.96256 


.!Kil07 


32-41 


9.2C72 


.9302:1 


V 


3rt., 


1.03GD0 


.996.'i6 


.996^ 


33-42 


9.6330 


.95660 


38 


39.. 


I.OSatiO 


1.0313 


1. 0240 


34-43 


9.8234 


.98582 


39 


40.. 


.98504 


1.0310 


1.0345 


35-44 


10. 142 


i.oiao 


40 


41.. 


1.0440 


1.0387 


1.0404 


36-45 


10. 491 


1.0529 


41 


A'i.. 


1.0798 


1.0626 


l.(S87 


37-46 


10.874 


1.0917 


42 


43.. 


1.0640 


1.0936 


1. lOtI 


38-47 


11.295 


1.134S 


43 


44.. 


1.179^ 


1. 1616 


1.1567 


39-18 


11.757 


1. Itil2 


44 


46. 


1.2447 


1.2210 


1.2207 


40-49 


12.263 


1.232G 


4S 


46- 


1.2474 


1.284S 


1.2887 


41^ 


12. 818 


1.2883 


46 


47. 


1.4079 


1.3689 


1.3650 


42-51 


13.425 


1.3505 


47 


48.. 


1.4147 


1.4501 


1.4647 


43-52 


14.030 


1.4177 


m 


49.. 


1.5297 


1.5444 


1.6439 


44-53 


. 14.816 


1.4907 


4B 


60.. 


1.64»7 


1.6220 


1.6120 


46-64 


15.611 


1.6714 


so 



'In all the tMnia of aerie* (d), (e), and (/), tbe filth Bgore might m well Imtc bew 
negl0ct«d. It lias no nal value, and dou not aaaiat the gntdnativn. 
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Tabix U— Conlintiad. 



Ar 


(<0 


(0 


</) 


Decade. 


(9) 


(*) 


Ag* 


Gl. 


1.7333 


1.6581 


1.66^ 


46-56 


16.481 


1.6G93 


51 


U. 


1.T070 


1.7i8l 


1.7251 


47-56 


17.432 


1.7549 


53 


53. 


1.7til 


1.82:14 


1.8259 


48-57 


la 473 


1.8590 


53 


U. 


1.6996 


1.9SS7 


1.9764 


4&-S8 


10.014 


1,9750 


64 


U- 


2.29G6 


2. 1514 


2.1326 


50-59 


S0.8S1 


2.1008 


55 


£6. 


2.304S 


2.2701 


2.2783 


Sl-fiO 


92.835 


8.3:i92 


56 


67.. 


S.3903 


2.3998 


2.3976 


G3-C1 


23.740 


8.3909 


57 


58.. 


2.5133 


2.5368 


2.5303 


53-62 


25.391 


8.5571 


58 


S9.. 


S.b285 


2.6990 


2.7195 


54-G3 


27.205 


8.7408 


69 


«.. 


3.1197 


2. 9068 


S.9541 


55-64 


29.198 


2.9417 


60 


61.. 


3.2552 


3.2234 


3.2:M8 


56-65 


31.388 


3.1030 


61 


M,. 


3.4551 


3.4973 


3.4953 


57-66 


3.1.703 


3.4064 


62 


K.. 


3.7474 


3.7711 


3.7325 


ee-07 


36.435 


3.6741 


63 


M.. 


4.0101 


4.0053 


4.0133 


59-68 


39.334 


3.9G79 


64 


65.. 


4. 3602 


4.30l» 


4.3256 


60-69 


42.514 


4.2911 


65 


«.. 


4.ciao 


4.7110 


4.G986 


61-70 


45.999 


4.6454 


66 




4.6332 


6.0G39 


5.0-109 


6^-71 


49.812 


5.0334 


67 


63.. 


B.542G 


5.3338 


5.3803 


63-72 


53.060 


6.4584 


68 




6.0JeG 


5.7196 


6. 6-2UO 


64-73 


58.528 


5.9224 


69 


TO., 


a.(;i5G 


5.a>48 


6.0544 


65-74 


63.482 


6.4286 


70 


71.. 


6.2011 


6.6791 


6.0521 


66-75 




6.9794 


71 


53.. 


:.9d09 


7.63n5 


7.5263 


67-76 


74.711 


7.5778 


78 


n.. 


J.8J41 


8.4413 


8.4927 


68-77 


81.0:16 


8:2260 


73 


7d.. 


10.5J70 


9.4102 


9.3078 


60-79 


87.865 


8:9269 


74 


«.. 


9.4021 


9.9458 


10.000 


70-79 


95.221 


9.0624 


75 


115.. 


10.6^4 


10.575 


10.568 


71-80 


103. 12 


10.493 


76 


v.. 


I0.B69 


11.278 


11.269 


72-81 


111.58 


11.366 


77 


«.. 


18.303 


12. 101 


12. 101 


7:1-82 


120. 02 


18.398 


78 


re.. 


13.594 


13. 185 


13.250 


74^83 


130.23 


13.886 


79 


80.. 


14.080 


14.66K 


14.C.99 


75-^M 


140.43 


14.336 


60 


«.. 


5.970 


16.039 


10.058 


70-H5 


151. 19 


15.458 


81 


».. 


7.214 


17.477 


17.578 


77-83 


169.53 


18.623 


88 




SO. 073 


18.908 


It*. 639 


78-87 


174.40 


17.649 


S3 


«4:; 


eouo 


19.487 


19.930 


79-88 


186.79 


19.133 


84 


8S.. 


21. fi^ 


SI. 294 


21.070 


80-89 


199.65 


20.465 


85 


BC.. 


81.608 


22.214 


22.0-.iO 


8i-B0 


212.93 


81.845 


86 


W.. 


SI. 687 


22.307 


22.747 


82-91 


226.56 


23.259 


W 


88.. 


38.462 


23.571 


23.056 


83-92 


240.45 


84.703 


88 


83.. 


10.355 


23.608 


23.958 


64-93 


354.51 


86.167 


89 


90.. 


2J.C67 


25.172 


SS.247 


85-W 


868.61 


27.638 


90 


91.. 


31.034 


27. 515 


27.206 


86-95 


283.63 


89.100 


91 


a.. 


S9.427 


29.141 


29.510 


87-96 


896.36 


30.5.39 


92 


93.. 


30.979 


31.644 


31.3:16 


e*-97 


309. GO 


31.935 




94.. 


32.531 


32.9J7 


32.921 


89-98 


322.28 


33.262 


94 


95.. 


34.1^1 


33. a?.-; 


34.182 


90-99 


333.00 


34.500 


95 


9G.. 


35.t!05 


^.829 


35.097 


91-100 


344. LO 


35.618 


96 


97.. 


:(7.541 


37.458 


37.521 


92-101 


353.50 


36.584 


97 


K.. 


39. 1J3 


39.250 


39.155 


93-102 


360.63 


37.363 


98 


W.. 


41.069 


40.902 


41.226 


94-103 


365.50 


37.914 


99 


WO.. 








95-104 
96-105 


367.66 
366.62 


39.494 
42.102 


100 


Ul.. 








101 


KB.. 












45.739 


103 


103.. 












50.404 


103 


KM.. 












56.098 
62.821 
70.573 
79.353 
80.168 
100.000 




U6.. 












105 


IW.. 














m.. 












107 


loe.. 












108 


m.. 












109 
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The foregoiog method nffords a ready meansof diminishing the iiregn- 
larities of a series without removing them altogetiier. It cao he proved 
that iu a series of the mtb onler, if aaj* m +1 or more consecutive terms 
are adjusted by any single formula, such as (IG) or (20), the adjusted 
values will themselves form a series of the mth order. But, although the 
order of the series reraaios unchanged, the absolute values of the differ- 
ences are in general diminished, and thus an approximate graduation is 
secured. 

THIBD 3IETH0D OP ADJUSTMENT. 

The second method can be combined with ordinary interpolation ii 
such away as to furnish an adjusted series of any givet).order, esteiidiog 
to any desired number of places of decimals. For example, let the t^rms 
of series (/} in Table II be grouped together by decades of age, as was 
done iu forming (c) iu Table I. The ninety terms form niue groups of 
teu terms each. Their sums are — 

8, =4.50331 84 = 12.20340 8,= 95.22130 

8j = 6;80581 8j = 20.8(J420 S, = 199.05500 

Sj = 8.79041 Sb = 42.51440 8, = 333.09100 

These uiue values form a series which has eight orders of dilFerences, 

as follows: 

J,= 2.300CO J3 = 1.78039 ^, = 2.38714 Jt=-1C.70885 
J, = —.310)00 J* = 1.87103 J, = 3.44640 J, = - 7.75719 
Using the ordinary formula for interpolation by finite differences, we 
can obtain Jiine equidistant values between every two terms of this 
series, so as to make 81 terms iu all, forming a perfectly graduated 
series of the eighth order. The terms of this series are approximately 
the sums of the terms in {/) for every possible decade of age, commencing 
with 10 to 19, 11 to 20, 12 ta 21, &c., and ending with 90 to 99. To con- 
struct the series, nine consecutive terms were carefully computed, their 
eight orders of difi'erences wore taken, and the rest of the series was 
constructed therefrom by simple additions and subtractions. One great 
advantage of this mode of procedure is, that the agreement of the 
values thus found for the decades 10-19, 20-29, &c., with the given 
values 8], Si, &c., furnishes a convenient test of the accuracy of the 
whole work. It is necessary, however, to carry out the values of the 
function and the differences to a large number of places of decimals, 
otherwise the error represented by the neglected figures will accumulate 
so as finally to vitiate some of the results. In the present case, the 
decimals were carried out as far as they would go ; that is, to twenty 
places. 

Tbe series is readily extended by the same law, so aa to comprise all 
the possible decades of age from 4-13 to 06-105. Thus completed, it is 
given in column {g). . Now let St, Sj, 8], S4, be any four consecutive 
terms in it, and in formula ( 8 ) take — 

n,^ni^lO, «i = 7, ii = i, a!=0, ft=l, 8 = Y^| - 
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then we have — 

M' = A(21(9*+83)-17(8,+S0] ... (30) 

This formula gives aa adjusted value for auy lerm iu series (/) by 

means of tbe sums of the terms in the four nearest decades aa giveu in 

series {g). For instauce, at the age 35 the value obtained is — 

«' = ^[21 [8.79tH+ 9.0328)— 17 (8.5»48+9.2e72)] 

= .88309 

Column (A) shows tbe graduated series, carried to as many plaices of 
decimnU as are needed in order to give five significant figures. It is of 
tbe eighth order, and the arithmetical means of tlie terms in the nine 
decade-s 10-19, 20-20, &e., are approximately equal to those in series (/), 
though not precisely so. This method of adjustment, however, has one 
advantage, namely, that it enables ns to divide a given series into a 
large. number of gronps, and make the graduated series of as high an 
order as we please, without previonsly obtaining formuliis like (E) and 
(F), which require some labor when the number of groups is increased. 
If tbe number of terms in 9 group is other than ten, it will be easy to 
find a corresponding formula similar to (30). When it is an odd oum- 
ter tbe formula will bo derived from (13) instead of from (8). For ex- 
ample, with eleven terms in a group we have — 

fl]^nj=ll, ai^l 

and (13) becomes — 

tt'=S,_.rV{S.+9») (31) 

giving the adjusted value of a term by means of the sams of tbe tenns 
in tbe three nearest groups of eleven terms each. 

Series (li) shows a mmimum at the age 12, and increases continu- 
ously thereafter. It terminates at tbe age 99, and must not be ex- 
tended farther by the same law, for siuce (if) is a series of au even order 
with the final difference, Jg, oegntive, it will, if produced far enough, 
diminish at both ends instead of increasing as the rate of mortality 
does. The limit of old age is evidently not reached until one year after 
the point where the probability of dying within a year becomes unity, 
that is, certainty. The position of the limit is very doubtful. The old 
Combined Experience table places it at 100, the Carlisle table at 105, 
tbe English Life Table ISo. 3 at 108, the French table of Deparcieux at 
9j, the tables of Duvillard and De Montferrand at 110, and the United 
States ceoaus table of 1860 at 106, Owing to the paucity of reliable 
observations at the great«st ages, the termination of series (A), or that 
of any other graduated table, must necessarily be somewhat artificial. 
This is not of much conseqaence in practice, for the chance of attuning 
any age beyond 100 is so small as to make bat little difference in the 
valne of an assnrnnce or annuity for a person in middle life. If we 
assume 110 as the limit in the present case, then from the three known 
values of the probability for the ages 98, 99, and 100, the valoes for the 
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ages 100 to 108 can be compated by ordinary interpolatton. Fonnidii 
(2) may be used lor thio purpose. If we take — 

ni = n]=fl3 = l, n = l, tS=t(, 8i ==«], Sj^k^ S3=«, 
that formula reduces to — 

Q=a,x{x+a,) f ^ 

K=a,fl3(«,+«3) > (32) 

tt= ^[(B-P-Q)tl,+P«,+Q«;,] ) 

If »i, ut, «3, denote any three terms in a series, and the origin of cnSr- 
diuatea is at u,, and oi and a, denote the positive distances of Ui and 
«3 from ut, tbe above formula enables us to interpolate any fourth term, 
u, whose abscissa is x. If we now take — 

a,=l, ai=IO, «i=37.3C3, «,=37.914, tt3=100 
formula (32) becomes — 

ii=37.914+1.0653i+.61433 a^ 
When the values 1,2,3, &c.,areassigned toxin this cqnation, tbe resaK- 
ing values of u will be the desired terms for the ages 100, 101, 102, &c., 
as they stand in column (A). The continuity of this added portion with 
the rest of the series may be improved a little by adjusting, with form- 
nla (20), a few of the terms adjacent to the point of junctioo. The ad- 
justed values are as follows : 



S8 37.139 

99 38.114 

100 39.701 

lOX 42.186 

Series (h), thus amended, is ready for practical use in tbe coustmcticm 
of commutation tables. 

It is not claimed that this series is the best one which can possibly be 
obtained by similar methods. Thepreltminaryadjnstnientby tfaesecond 
method admits of some variation, and repented trials would be required 
to determine whether the form of the final series might not be varied 
with advantage by making it of some other order than tbe eighth, or by 
taking the groups between soifre otbf r limits than 10 and 99, or by both 
these modifications together. But it Is believed that the graduation 
here obtained is accurate enongh for practical purposes, and will com- 
pare favorably with that of any table now in use. 

We do not know, and perhaps never can know, anything definite re- 
ipecting the precise analytical form of that function which we call the 
law of mortality. Yariooa formulas, mostly transcendental, have been 
devised to express it, but no one of them has yet received nniversal 
recognition as correct to the exclosion of all others. While this state 
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at the ease co&tiuaes, tbe problem of conatrnctiog a table of mortality 
mast be regarded as, to Bome extent, an iudetenoioate one. Not ooly 
is abdolutei accuracy anattainable, but we canoot even decide, by the 
method of least squares, that a cettaiu result is the most probable of 
any j for tbe true form of tbe function being uuknowu, any particular 
residual error, or difference between the observe^ and computed values 
of A term, will in general be the aggregate of two errors, one of them 
due to the difference of form betweeu the assumed fuoction and the true 
one, and tbe other due to tbe error of observation or differeuce between 
the observed value aud tbe true value. The latter portiou only can be 
of the nature of accidental errora, so as to be subject to that law of dis- 
tribution which tbe method of least equurea assumes, aud wbicb is 
derived from the theory of probabilities. Hence, we cannot infer that 
because we have made the sum of the squares of the residuals a niini- 
mnm, the resulting valnes of tbe constants which enter into the assumed 
equatiou of tbe series must be the most probable values. To justify 
snch an inference, it would be necessary to uinke t be sum of the squares 
of the accidental portions of the residuals alone a minimuia ; but we 
have no mesna of effecting this, for we cannot separate tbe accidental 
portions from the others. When the method of least squares ia applied 
noder circumstances like these, it loses its peculiar claims to theo- 
retical accuracy, and becomes merely a method of iuterpolatiou, whose 
merits are to be judged, like those of other metbodi*, by the amount of 
labor required in obtaining the final results, and by the degree of ac- 
curacy with wbicb these resnlts represent tbe observatious. We may 
presume that the best method of reduction for tables of mortality is 
that wbicb will give, in tbe simplest manner, a graduated series coufurm- 
ing to those conditions which are known to govern such tables, and 
representing the observations with tbe necessary degree of accuracy. 
In behalf of the method here proiwsed, it may be said that tbe process 
of compatation is comparatively simple; that the observations are 
represented with great accuracy throughout all the middle ages of life, 
which is just the portion where accuracy is most important in practi*^; 
aud that a transcendental formula, if it contains not more than three 
or foar constants, will be very likely to prove iuferior iu this respect. 

From all the foregoing considerations we conclude that a very good 
way to graduate an experience rate of mortality for insured lives will 
be, to form a series like {d), expressing tlft probability of dying within 
a jear, at each age, and to adjust it approximately, iu tbe first place, by 
some formula or formulas under the second method, and then, dividing 
tbe adjusted terms into tbe proper number of gronits, to complete the 
graduation by either tbe first or tbe third method. Treated iu this wny, 
tbearithmetical means of the terms in the several groups will be brought 
nearer to tbeir normal value than they would be if the approximate or 
preparatory ai^ustment were omitted. 

Ia constrnctiug a rate for general population from censos returns aiid. 
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registration of deaths, it will probably be best to adjnst tbe popalation 
for each year of age at eacL census approximately by the second method; 
that is, by, (20) or some similar formnla. The returns of two or more 
ceusus enumerations thus adjusted will enable us to compute approxi- 
mately, by known methods, tbe mean population living within each year 
of age during the perisd embraced by the registry of deaths; and from 
this series the mean nnmber of persons who annually attained each year 
of age during that period can be found by (28) or some similar formula. 
The mean number of deaths annually occurring within each year of age 
must also be adjusted approximately bythe second method, and then we 
shall only hare to di\ide these annual deaths for each year of age by the 
mean number of persons annually attaining such age, toobtain an approx- 
imately adjusted series expressing the probability of dying within a year 
at each age. The graduation of this scries can be complet«d by either 
the first or the third method, and from it we can construct the usual 
series of the numbers who live to attain each year of age out of a given 
nnmber of persons who are bom. 

It should be remarked, however, that in infancy and early childhood 
the rate of mortality varies so rapidly that the years ought not to be 
grouped together ^ in the first and third methods. But these years are 
nnimportaDl so far as life insnrance and annuities are concerned, and 
for practical purposes it will suffice to have a completely grndaated 
series ifom the age of ten or fifteen op to the limit of old age, and to 
adjust the series at the earliest ages by the second method only, or not 
at all. The latter alternative is perhaps the best, since tbe ages-of 
young children can be ascertained with greater certainty than those of 
adults. 

The accuracy of a series obtained by the first or the thirtl method will 
be greatest at and near the middle, and least at the extremities. If it 
should t>e found that the graduated values at either end of a table of 
mortality thus constructed are sensibly erroneous, they can be rejected, 
and their places supplied by the original values, and tbe adjustment 
of these, and their continuity with the graduated portion, can be 
approximately secured -by the nse of some formula under the second 
method. 

METHOD OP CQNSTEtJCTING A TABLE OF MOETALITy WITHOUT AMY 
BEG1ST4LTION OP DEATHS. 

It has been proposed to determine the law of mortality for general 
popalation throughout a whole country by means of two successive cen- 
sus enumerations, taken, for instance, at intervals of ten years, as is now 
the case iu the United States and in Great Britain, together with a reg- 
istry of the immigration and emigration which occurs during the inter- 
vening ten-yeaf period. If at the first census a certain population, Pb, 
is returned as aged m and under m+1 years, then at the secuiid census 
the survivors among them will be returned as aged m-f 10 and ander 
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K-l-ll years, and the differeoce P^ — > Pm + id between these two eoamer- 
ations will be the aamber of deaths which have occurred out of the pop- 
ulation Pm within the ten-year period, if there has been no immigmtion 
or emigration, or if the immigration and emigration have been equal, so 
as to balance each other. If we regard Pg, and P„ 4. jt as representing 
tbe nambers annually attaining the exact ages m-f-J and tn-flOj, then 

tie fraction — ^^i* will denote the probability that a person aged 
n+^ will live ten years. 

lu tbe United States, however, the number of immigrants coQtin- 
nally entering the country is so large as to become very imi>ortant in 
this connection. Emigration from tbe country ia comparatively small ; 
but assaming, for the sake of generality, that there lias been a registry 
kept oC the ages of Itoth immigrants and emigrants, let na denote by I 
the number of persons who have entered the country during the ten- 
year period, and who are of such age as to have been m and under m-fl 
years old at the time of the first census, and let E denote tbe number 
of persons of similar age who have left the country during the same 
period. Also let D be the nnmber of deaths which have occurred in the 
country out of the exwss I — E of immigrants over emigrants, and let 
^a* II denote the population returned as aged m+lO and under m-t- 11 
ftttlie second census. Then tbe portion of I — K surviving at the second 
ceosns is I — E — D, and the difi'ei-ence Pm 4. » — (I — E — D)i8eqnalto 
that portion of the initial population P„ which survives at the time of 
th<i second census. The probability that a person aged nt-f-J wilt live 
twn years is therefore expressed by — 

Pn.*ltt— (1 — E — D ) 

All the quantities involved in this fraction are known excepting the 
deaths D ; aud as this is a small number compared with the others, the 
residt will not t>e seriously affected if we compute the value of D, or, 
what amounts to the same thing, compute the survivors (I — E— D), 
by means of any good table of geuenil mortality, considering separately 
the excess of immigrants of the supposed age who have entered the 
country in each one of the ten years. (See the Assurance Magazine for 
April, 18G7, page 280.) 

We can ttma obtain the probability of living ten years for the middle 
of every year of age throughout the whole term of life. If the statistics 
of population and migration are given in the first place by decades or 
other intervals of age, the numbers can be distributed among the single 
years by means of (3) or some similar formula derivable from (2), (8), or 
(C). On the other hand, if the 8tatit;tics are given for single years, the 
irregularities of the series can be diminished by using some formula 
nudcr the second method of adjustment. We may assume, then, that 
tlie probability of living ten years has been ascertained for the middle 
of each single year of age, and that these probabilities form an approxi* 
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mately adjusted series. Tbe problem which remaioa to be solved is, to 
find tbe probability of living one year at each age vben tbe above-men- 
tioned probabilities of living ten years are given. 

It is an iiitereatiug point io relation to tbe whole sabject of gradnadon 
of namerical series, that, instead of graduating a given series directly, 
-we can take a constant function of each term in ir, thus forming a nev 
series, and, having graduated this, ve can inversely derive from each of 
its terms a graduated value for the corresponding term in the original 
series. Cue consequence of this principle is, that if we take the loga- 
rithm of each term in the given series, and dividetheseries of logarithms 
thus formed into groups and graduate it by tbe first method, and then 
take the numbers corresponding to the graduated logarithms, we shall 
have a graduated series representing the given ofte, and possessing this 
property, that tbe products of the terms in the assumed groups in it will 
be severally equal to the products of the terms In the corresponding 
gronps in tbe given series. This is evidently the case, because tbe snms 
of the logarithms of the terms in the assumed groui>a are equal iu the two 
series. Farthermore, since the equation of the graduated series of loga- 
rithms enables us to interpolate the sum of the logarithms of the terms 
iu any group when the snms of the logarithms of tlie terms in the assumed 
groups are given, it follows that when the products of the terms, in any 
assumed gronps in a numerical series, are known, we can find, by interpo- 
lation, the product of the terms in any other group, or any single term. 

Now let pai+ HI Pm*]wPa* tv ^f-'-i dcuote the probabilities of living one 
year at the exact agea m+i, m+1^, m+2J, &c. The chance of living 
through any one year of age is contingent upon having lived through the 
years which precede it, so that the probability that a person aged m+i 
will live two years is equal to the pToHaetpat^xpa + im and tbe proba- 
bility that he will live ten years is equal to the coutinued product — 
I'b + i,XJ>b + ihXP„ + shX Xi>„ + »H 

It appears, then, that the probabilities of living one year at each age 
form a series such that the product of any n terms taken in a group 
is equal to the probability of living n years at the age corresponding to 
the first term in tbe group ; and hence, according to the principles which 
have been stated, we can find, by interpolation, the probabilities of liv- 
ing one year when the probabilities of living ten years are known. 

Any twelve consecutive terms in a series will form three groups of tea 
terms each, and formula (2) will enable us to find any single term by 
means of the sums of the terms in the three groups. If we take~ 
ni=W)^M3=10, ([i=fl]^l, n=I, S^« 

then (2) reduces to — 

«=^J74S,— 33(S,+ S3)+4(a3— S,)i+4(9,+Ss— 2S,)J»] . . (331 
Let Si, St, and 8, represent the logarithms of the probalHlities of living 
ten years at the ageem+J, m-f 1^, and m+2^, respectively; then if m 
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assign to 2 the values — J, +J, +^, &c., iu succession, tbe resulting 
values of u will be the logarithms of the probabilities of living one year 
at the ages m+H^, m+Gi, ffi+7^, &c If we take x=0, the value of 
K will be the lognrithm of the probability of living one year at the age 
■14-6, and we shall have the simile formula — 

logJ>n.**=A[7*S»-33(SL+8,)]. . . . (34) 
To illastrate the use of this by an example, and to test its accuracy at 
the same time, let us suppose that there is no migratiou, and assume 
that, in accordance with the English Life Table, So. 3, for males, tbe 
population living at tbe first census, between tbe ages of 54 and S5,'56 
sod 56, 5(i and 57, respectively is — 

Fm=212061, P„=206984, Ph=201772 

and that tbe sun-ivors at tbe second census are — 

P„= 154139, Pb= 147319, Pm= 140299 

The logarithms of the probabilitjes of living ten years at tlie three ages 
H^ SSi, and SCJ are therefore— 

S,=logP«— logP„=i.8614518 

S,=logPM— logP« = 1.8523219 

S,=logFM— IogPH=1.8421937 

sod since m=64, we fiud that tbe logarithm of the probability of living 

one year at the age nt-{-6=60 is — 

logpN=^[74 S,-33(S,+S,)]=i.9856440 
This value differs but very little At>m the one which is actually given 
by tbe English table, namely — 

]ogl>M=IogIsi-loglM=log 176421 —log 182350=1.9856443 
Tbe method followed in the above example will b; found sufflcientfor 
tbe determinatiou of the probability of living one year after every birth- 
day, except the first nine or ten of childhood and the last seven of old 
age. With the help of formula (33) we can find the probabilities for all the 
agesof childhood, except the first three or four, by assigning toz the nega- 
tive values — 1, — 2, — 3, &c., which will give values for logpn^i, 
logPm **, logPiB •■ » &C. So, too, for the last years of life, we can And 
'ogPa * T) log j)„ ^ tT logjini+ » &C-) by assigning to x the positive values 1, 2, 
3, Sx. This will complete the series of values of log p from early child- 
hood to extreme old age. As it will be already approximately at^usted, 
nothing more will remain but to divide it into groups of an equal num- 
ber of terms each, and to make the final graduation by either the first 
or the third method. There will be a convenience in graduating the 
logarithms instead of the corresponding numbers, because logj>, and 
not p itself, is what we require for computing in the most expeditious 
maaner the nnmbers living to attain each year of age oatofiftgiyeK[ 
20S71 ' '^^^t)^?"- 
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number of persons Trbo are bom. It is qnite possible, too, that the 
fotm of the series may be improved by this mode of procedure. 

The foregoing method of reduction will evidently af>p1y to cases wtien 
the interval between the two eenaus enumerations is any whole oumbecof 
years other than ten, or even a fractional nnmber. Suppose it to be ten 
and ooe-hulf years for instance, and take — 

then formula (2) reduces to — 
S=nfe,[970S,-437(8,+8s)+48(Sa-S,}x+48(S,+Ss-2S,)j^ . . (35) 

Let Si, S}, and Sj be the logarithms of the probabilities of Hviogtcn and 
one-half years at the ages m+i, m+lj, and m+2^ re3i>ectively ; then 
if we assign to x the values — f , — i, + ^, &c., in succession, the reanlt- 
ing values of u will be the logarithms of the probabilities of living one 
year at the ages m+5, m+6, ni+7, &c. When x= — J, the fonnnla 



logi'»*.=lii(4838,-2nS,-223S,) . . (36) 
from which values of log p can easily be fonnd for all bat the c 
ages of life. 

If the interval is either exactly or approximately an odd nnmber of 
years, there will be a slight advantage in deriving tbeformula of reduc- 
tion from (8) rather than from (2). Suppose, for instance, that the second 
censas is taken five years after the first one. In the series of logarilliins 
of the probabilities of living one year at each age, any eight conseco- 
tive terms will form four groups of five terms each, and formula (8) will 
enable ns to find any single term by means of the sums of the terms in 
these groups. If we take — 

ni=n3=5, 11=1, Ot=i> n=l, S=il 

then (8) reduces to — 



^ [17(S,+S,)-9(S,+S.)J + ^[405(83-S,)-103(S4-8,)] , 
+^[(S,+S4)-(S,+S,)]+^[{S,-S,)-3(S3-S,)] I 



(37) 



Let 8i, Si, Sj, St, denote the logarithms of the probabilities of living 
five years at the agesm+J, m-flj, m+2J, m-f 3J, respectively j then if 
X takes the values —1, 0, + 1, &c., in succession, the resulting values of 
u will be the logarithms of the probabilities of living oue year at the 
ages m+3, m-f 4, m+5, &c For x=li we have the simple formula — 

Ipgi'„*4=A[17(S,+S3)-9{S,+S0] ... (38) 
which afEords a ready means of determining log p for all the birthdays 
-except the extreme ones of childhood and old age. 
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The general plan for graduatiDg irregnlar series of numberfi, wbose 
application to the construction of tables of mortality has now been in- 
dicated, will undoubtedly bo found useful in other directions. Every 
physical law is a mathematical relation betn-een one or more variables 
end a function. To ascertain the form of tbia relation, or the law of 
the natural phenomenon, we must obtain, by observation or experiment, 
a nnmber of values of the function corresponding to known valdes of 
the variable, and then endeavor to find some analytical formula which 
will connect and express them all. For a statement of the nature of 
this general problem, and of the graphical and tentative methods which 
have been employed for its solution, see the discussion of experiments 
for ascertaining the law of variation of the density of water at different 
temperatores, given by M. Jam in iu the Cours de Physique de PBcole 
^gteehnigue, Vol. II, pages 39 to 50. The nnmber of observed values 
of the function is ordinarily much greater than the number of constants 
in the desired formula. If there is but one independent variable, and 
the observed values of the function are plotted as ordinates to a curve, 
Ute corresponding values of the variable being the abscissas, this curve 
will be a more or less irregular or wavy line, because the ordioates which 
fix snccessive points in it are subject to the errors of observation. In 
'an exact equation of this line, the number of constants would, in gen- 
enl, be as large as the number of observations taken. The problem 
presented is, to simplify the equation by reducing the nnmber of con- 
stants, while preserving a form of carve which shall approximate to the 
wigina) one as closely as jwssible. Our flrst method of graduation 
secures snch approximation by taking the ordinates of the original curve 
in groups, and making the arithmetical means of the ordinates in the 
cofresponding groups in the new curve severally equal to those in the 
original one. The equation of the new curve can only contain as many 
constants as there have been groups assumed. This plan has obvious 
advantages over the one usually followed, which is, to select or compute 
as many normal ordinates to the original curve as there are to be con- 
stants iu the equation of the new one, and then subject the new curve to 
the condition of passing through the extremities of these ordinates, thus 
making the accuracy of the new curve depend on that of the observa- 
tioDS, as represent^ by the selected ordinates, instead of depending 
alike on all the observations in each group. 

When it is not convenient to have the observed values of the function 
correspond to equidistant values of the variable in the flrst place, they 
can be reduced to equidistant ones either graphically, or by ordinary 
interpolation with Lagrange's formula, or with (32), which is merely one 
form of a special case under it. Tfae irregnlarities of the series may 
then bo diminished by the second method of adjustment, and, finally, 
the flrst method will give an equation which will express the law of the 
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phenomenon so far as that lav can be expressed by an algebraic and 
entire function.* 

In practice, when this method is to be applied to the giadoation of 
a particular series, it will not be essential to have the assumed groups 
contain an equal number of terms each, nor to make the groaps consecu- 
tive. Their positions, and the number of terms they contain, may be 
entirely arbitrary. The integral — 



< 



'^*"(A+Ba!+Ca:?+ +T!xf^)dx 



expresses the sum S of the terms in any group in a series of the mth 
order by means of the m-|-l constants A, B, G, &c., the number % of 
terms which the group contains, and the abscissa x of the middle point 
of the group, each term in the series being regarded as an area occupy- 
ing, OQ the axis of X, a space equal to nnity. In the case of any one of 
^Jie assumed groups, we know the sum S of the t«rms in it, and their 
onmber n, and the abscissa x of their middle point, so that we have an 
equation of condition which, besides the m+1 constants A, B, 0, &c., 
contains only numerical qnautities. Each group assumed furnishes one 
such equation. By assuming m+l groups we shall have as many eqoa- 
tioDS as there are constants A, B, C, &c., to be determined, and hence 
it will always be possible to find the numerical values of the constents. 
Substitating their values in the general expression for S, arranging the 
terms according to the powers of x, andputtingfl=l and S=u, we shall 
have an equation of the form — 

«=A'+B'j;+C'j^+ ...;.. +T'a?» 
which will be the equation of the graduated series, and &om which that 
series may be coustructed. It will have its mth differences constant 
and the arithmetical means of the terms in tiie corresponding groups 
in it will he sevei'aliy equal to those of the terms in the m+l groups 
assumed in the original series. 

But although the positions of the groups and the numbers of tenni 
which they may contain are thus unlimited in theory, it will probably 
be best in most cases to make them consecutive and consisting each of 
the same nnmber of terms. When the law of a series varies very rap- 
idly in some places, and slowly in others, it may indeed be necessary to 
assume, at those portions of the series wherie the variation Is most rapid, 
a larger number of groups, consisting of fewer terms each, than will be 
required in the portions where the variation is slow. But with a fixed 
number of groups, the process of finding the values of the constants A, 
B, C, &0., will be simplified if the groups are assumed so as to be sym- 
metrically situated on either side of the origin of codrdiuates ; that is, 
eltnated in such manner that for every group of terms whose abscissa 

*Tbe constant diSerence of ilie abtdaws or argdments la hoM aMamed to be aoltf- 
Bot if we n ish to regard it aa any other qaaotlty A, we ehAll merely bava to aabatitot^ 
in thofloftl equation, j^im the plAce of X. ?db OoO'jIc 
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is +x' tbere shall be a gronp of an egnal number of terms whose 
abaciasa is — ^, and vice versa. 

Gast^ will ottien occur where the whole number of terms in a s(>ries is 
not au exact multiple of the iitimbeF of groups we viiah to asaumef and 
therefore will not form the desired number of coDsecutive groups con- 
taining each an equal and entire number of t«rms. Bat it is not neces- 
saiy that the number of terms in a group should be a whole number. 
If we suppose it to have a fractional part, then certain terms in the 
given series must be divided each into two portions, and each portion 
most be joined to its proper group. Every such term being geometrio- 
ally represented by an area whose base is unity, and the two parts into 
which this unit is divided being known, the problem is, to divide the 
area into its two corresponding parts. We can often do this accarately 
enough for practical purposes by assuming that the two portions of the 
area are proportional to the two portions of the base ; but a much closer 
approximation will be made by taking the term in question and the two 
others nearest to it as data for au interpolation by formula (A). Let Si, 
S), S], t>e the three terms, and let n denote the first one of the two parts 
into which the base of Si is divided; then if we take — 

n,=l, a;=— j(l— n) 

formula (A) reduces to^ 

8=^[2Si+5S,-83+3{S,-8i}n+(S,+S,-2S,)»'] . . . (39)* 

where 8 is that portion of the area S, which corresponds to the first 
fractional part of the base. The other portion is of course Sj — S. For 
example, if we wish to dividie the ninety terms of series (/) into seven 
coDsecntive groups of an equal number of terms each, the uamber of 
terms iu a group wilt bo ^=12f. The sum of the terms in the first 
group will be composed of the twelve terms for the ages 10 to 21 incla- 
aive, together with so much of the term for the age 22 as corresponds 
to the fractional interval n=f. The three terms for theageB21, 22, and 
23are— 

Si= . 67539, S,= . 68445, 83= . 07164 

and formula (39) gives for that part of 3i which belongs to the first 
group the value S=.fiS695, and the sum of the terms in the first group 
is therefore 6.42894. The portion Si— S=.O9750 belongs to the second 
group. After the sums of the terms iu all the other groups have been 
formed in the same way, the equation of a graduated series of the sixth 
order can be obtained by means of formula (E), just as when tii is a 
whole number. The accuracy of this last part of the work can be tested 
by the condition that the sum of all the terms in the graduated series 
must be precisely equal to the sum of all the terms iu the original 
series (/). 



* Tbis foTTunla cud also be written — 



- .iKT..T.,.i..u^ «f ii... .„.j,.. a a. a. ^ 



irbcro di mill di are Ilic (iuilo (lifiprciiccBof tbuBcrie8 6i,Si,Si. 
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Wd have remarked that wbea a series Is graduated by means of 
formulas Bucli as (A), (B), (C), &c., the accuracy attaiiied is greatest at 
the middle of the seriea and least at its extremities. The questiou then 
ariaes, whether the errors canoot be more equally distributed tlirdugh- 
oat the whole series by making the number of terms in a group smaller 
at the extremities and iucreasing np to the middle, instead of having 
the unmbet the same for all the groups. When any p&rticular law of 
Increase is adopted, there will be do difficulty in finding corresponding 
formulas similar to (A), (B), &c., by which to compute the values of the 
constants. For the results of some recent investigations hy Tchehitcheff 
with regard to the best arraugemeut of the data in making ordinary 
interpolations, not from groups, but ftom single terms or ordinates, see 
the Traits de CaUml Diffirentiel of J. Bertraud, pages 512 to 521. These 
naturally lead to the supposition that when the method of groups is 
used, the best representation of a given series by another of algebraic 
form will be obtained by regarding the whole interval which the series 
occupies OD the axis of X as being divided, not into equal portions, but 
into portions which are the projections npou it of equal divisious of « 
semivuvle drawn upon that interval as a diameter, the number of these 
divisions being made equal to the number of groups assumed. Of 
course the number of terms in each group will in general be fractional. 
For a series of the second order, the numbers of terms Id the three 
assumed groups will be — 

«i=nj=JKr I— cos^ )=iN' 

■ «,=NcosJ=iN 

where N denotes the whole number of terms in the aeries, so that JN is 
the radius of the semicircle. lu equation (1), 

S=M[A+Bic+C{a:>+,V')] 
we substitute for n its three values «i, ih, and % in succession, and forx 
the three corresponding values — 

a!=-|y, a:=0, ic=|N 

thus obtaining the three equations of condition — 

S,=iN{A-|BN+^CN») 

8,=iN(A+3VCN=) 

S,=iN{A+|BN+VjClP) 
These determine A, B, and G } and arranging tlie original equation 
according to the powers of x, we liave tbe formula — 

A=3^[7S,-(8,+a,)] 

B=J5.(S,-S,) 

iS'^"' '1(40) 

s=«( A+^ c n'+n i+c »•)/,« b, Google 



(41) 
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In the some way we can find the valnea of fonr, five, &c., constants in 
the general formnla (12). For a series of the tliird order, the numbers 
of terms in the four groaps are — 

n,=».=JN^l-cos|.)=}(2- Vi)S 
n,=»3=JN COB x=}N >/2 

ud the distances fh>tn the origin to the middle points of the gTV)nps are 

«i=i(2+ i/2)N, o,=iN,^ 

When these valnes are sabstitutedinformula (8), tbeconstants reduce to— 

A=S[(2 V2-1)(S,+S.)-(S,+S.)J^ 
B=^J3(3.-S,)-(S.-S,)J 
C=^J(S.+S.)-( V2-1)(S,+S.)J 
D=^[(S.-S,)-(S.-S,)j 

For a series of the fonrth order the nnmbers of terms in the Ave groups 
are— 

«,=11,=JS A - cos J^=. 0954915 N 

«j=»4i=JNrcos I — cos-^ J=1N 

11,=N COS ^=.3090170 H 

and proceeding as in the case of formula (40), we find that the constants 
aie— 

A=i[3.777709 8,+}(S,+S,)-.4m4ti«(S,+S,)J 

B=^[13.088544(S,-S,)-¥(S,-S,)] 

C=^[65.33375(S,+S,)-71.73251S,-lfl(S,+S,)ft(42) 

D=^[4»(Sj-S,)-63.281i68(S,-S,)] 

E=^lS,+(8,+S,)-(S,+S.)J 

We might go on in the same way to find formnlaa for constmcting series 
of 8tiU higher orders. It will be noticed that iu all these cases, in the 
expression for the final constant, the sums 3i, Sj, &c., have the same 
coefficient when taken without regard to sign, bo that all the terms in a 
given series will be of cqnal weight in determining the coeflBcient of the 
highest power of x. 



..Google 
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!Nevertbeless,Biich trials as have been made with this system of groop- 
iog have not resalted favorably for its use in coDstmctiDg mortality 
tabl^. The series seems to be rather distorted by it. This is shown 
vben we constract by fonnnla (42) a series of the fonrtb order to repre- 
sent the given series (/). Here we have ^=90, and consequently — 

fli=n,=8.594235, «,=fl4=22J, «a=27.81153 

so that the sums of the terms In.the five groaps, as fonnd by the aid of 
formula (39), are — 

8i= 3.63932 Sj= 68.3619 

S,=17.60021 S,=337.0553 

8,=297.960 
the five coDstanta are found to be — 

A=1.9195I4 .G=.008277894 

B= .1673728 D=.0001dl2150 

E=.O000006635611 
and the equation of the gradaated series stands — 

u= 1.920204+ .1674106 a:+ .008278226 j^+ .0001512150 «» 
+.0U00006635611x< 
If the values — |, +i, +|, &c., are assigned to x, the resulting values 
of u are the terms in the graduated series for the ages 54, 55, 56, &c The 
sum of all the terms in the series is equal to the sum of all the terms io 
(/), as it should be. But it does not afford a good representation of (/), 
especially in the first half. It begins at the age 10 with the value 
.14024, goes on increasing up to the age 27, where it haa a maximum 
of .81162, then diminishes up to the nge 36, where it has a mini- 
iDum of .77662, then increases to the close, having the value 41.690 at 
the age 99. 

On the other hand, if we construct by formula (C) the equation of a 
similar series from five consecutive groups of eighteen terms each, the 
sums of the terms in the groups are — 

8,= 9.82620 8,= 39.94320 

8i=16.89333 8.=164.96600 

8fl=502.98900 
the five Constanta are — 

A=2.023103 C=.007188222 

B= .1433032 D=.0001T227G3 

E =.000001434104 
and the equation of the gradaated series is — 

tt=2.023702-(-.1433463x+.007188939a;*+.0001722763ie 
4- .000001434104 X* 
This represents (/) with a considerable approach to accnracy, commenc- 
iog at the age 10 with the value .32319, increasing continuously there- 
after, and terminating at the age 99 with the value 43.443. This ezam- 

,_.ii,Goo^^[c ■ 
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pie seems to indicftte that so far as bos yet beeo ascertained, the most 
advantageons mode of groaping is to make the gronps consecntive and 
composed of an equal number of terms eacbj a system vhicb has, 
bettides, the merit of greater simplicity.* 
The algebraic and entire function — 

y =A+ B ar+C a;*+ &c. 
is of coarse not the only one which it is possible to employ for the pnrpose 
of gradnatiug a given irregolar series. If we take any other continuous 
fdnctioQ — 

y=ff(A,B,0, T,x) 

then, as before, the integral — 

a=r*%{A,B,C, T,x)Sx 

will express the sum S of the terms in any group in the graduated series 
by means of the number n of terms which that group contains, the 
abscissa x of its middle point, and the constauts A, B, C, . . . T. 
By assuming in tbe given series as many gronps as there are constants, 
and giving to 8, n, and x their numerical values taken from these several 
gronps, we shall have as many equations of condition as there are con- 
Manta to be determined ; and if we can perform the operations necessary 
for Ondiug the numerical values of the constants fhim these equations^ 
then tbe equation of tbe graduated series can be easily formed, aud the 
aeries itself can be constructed therefrom. This series will not have any 
one of its orders of differences constant, but it will be a graduated 
series nevertheless, and the arithmetical means of the terms in the cor< 
leapondiug groups in it will be severally equal to those in the original 
seriea. It will, no doubt, sometimes be possible to find in this way a 
transcendental equation which will express a given series more advan- 
tageously than an algebraic equation could do. 
We may here notice a peculiarity of the circular function — 

y=A+Bsin(2^)+Ccos(Hj£)4-D8in2(2y) 

+Eco82(-^^+F8in3(^^^-|-Gco83(^^+&c 

in which X denotes the number of terms in the circular period, or the 
lengfb of tbe period measured on the axis of X, so that if tbe values of, 
x'-^-'S, x'-i-2N, &c., are successively assigned to x, the valae of p will 
remain nncbanged. The arithmetical mean of any n terms taken in a 
group, and also the mean value of tbe ordinate within any interval n, 
will be^— 






"This tna; be a too hasty coDctnsioD. Other trials have since shoim that (40), (41), 
nJ (42) do sometimeo, and perhaps generally, give tbo best results. 
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and consequently- 

M=A+^sil, 5[B8m( ?|i )+C«,.( ?|? )] 

The expressions for S and M are thus identical in form with the expres- 
sion for y, the constants B and C, D and E, F and O, &c., heing merely 
mnltiplied, in the expression for M, by the known factors — 

Qsi^'^'s} C2is«'"Tr> {a^'^'^-s-} ^ 

This property has already been discovered, and utilized in forming the 
eqoations of curves representing annual variations of temperatore, the 
observed monthly means being taken aa data.* (See the Edtr^mrgh Neie 
Philosophical Journal for July, 1861, and the American Journal of Soi- 
meet and Aria for January and September, 1863.)t The quantity H is 
there regarded as the mean value of the infinite number of ordinatea, w 
" instantaneous temperatures," which fall within the interval n, and not 
as the arithmetical mean of a finite number n of terms taken in a group. 

In general, to obtain an expression for the som S of the terms in a 
group, it is not necessary that any integration should be performed. 
Since the form of the function f is arbitrary, it follows that the' form of 
I ydx is arbitrary also, and may be assumed at pleasure. Denoting by 
/(x) any continuous function of one variable, let us substitute in the 
place of the variable first a;+} and then a: — i, and let the difference 
between the two results be — 

u=f[x+i)-/{x-i) ... (43) 
Let valnes in arithmetical progression, whose constant difference is 
unity, be successively assigned to a; in the above expression. In the 
series formed by tlie resulting values of u let any gronp of n terms be 

* For the purpoaca of out prtseat nietbod, it nill bo most conveiileot to irrite — 

TheD, after integrating, we sbftll have— 

-+■'" (5){=- ft-)--" Cf)! 

+ .i„3('-") jn,.i. .(f ) + c..o.a('^^) } + »=. 

For othi>r formulas, see Appouilix IV. 

t These articles nro by J. D. Evi^rctt. Digit zed by GOOgle 



METHODS OP IBTEBPOLATrON. 315 

considered, and let a be the value of x correspoading to tbe first term ; 
then the sum of the terms in the group is — 

s=Aa+i)-Aa-i)+A<tH)-A'^+i)+Aa+^)-A'^+i) 

+ +Aa+n-^)-/{a+n-^) 

vbich cancels at once to — 

Now, itic' be the value of x correspouding to the middle of the group, 
we bave^ 

and couseqaently — 

ao that the ezpressioa for S reduces to — 

B=A=o'+in)-A=^~^) . . . (44) 
We can conceive that, by varying the form of the function / and the 
values of the constants which it contains, the series of values of u can 
be made to approximate more or less closely to any given series of equi- 
distant numb^s which follow some general law. Hence, to graduate 
snoh a given series, we have ouly to assume a function /{x) of suitable 
form, and substituting in it first x-^-^n and then x — Jn in place of the 
variable x, the difference between the two results will express the sum 
3 of the t«rms in any group in the graduated series by means of the 
iinmber » of terms which that group contains, the abscissa x of the mid- 
dle point of the group referred to an assumed origin of coordinates, and 
tbe constants n;bich are involved in the function f{x). In the case of 
any single groop the values of n and x are known, and the value of S 
being taken equal to the sum of the terms in the corresponding group 
in the given series, we shall have an equation of condition containing 
only the unknown constants and numerical quantities. By assuming 
as many groups as there are constants, we obtain a number of equations 
jost sufficient to determine the valnea of the constauts. Substituting 
these values in formula (43), we obtain the eqnntion which expresses 
tiie empirical law of the given series, and from which the graduated one 
may be constructed. The arithmetical means of the t^rms in the 
assumed groups in the graduated series will be severally equal to those 
of the terms in the corresponding groups in the given one. 

If we assume more groups than there are constauts, there will result 
a number of equations of condition greater than the number of con- 
stants to be determined. The values of the constants can then be found 
by the method of least squares. Id this way we may expect, in certain 
cases, to increase a little the degree of general accuracy with which the 
graduated series represents the given one, without at the same time 
increasing the number of constauts and raising the degree of the equa- 
don. But of course the arithmetical means of the terms in the cor- 
responding groups in the two series will now be only approximately 
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eqaal to each other, and the operations of floding and verifyiag the 
equation of tbe gradQated series will become much more laborious. If 
we do not know beforehand what form tbe function ought to have, tbe 
most effectual means of iucreasiug tbe accuracy of representatiou will 
be to increase the number of coostants equally with tbe number of 
groups assumed. For instance, it is probable that a series of the sixth 
order, obtained either by the first or the third method, will represent an 
approximately adjusted series, such as (/} in Table II, more accurately 
than any series of the fourth order, whether obtained with or without 
the aid of tbe principle of least squares, can possibly do. 

The method of least squares can of course be used iudepeodently, for 
the purpose of graduatiug an irregular series of numbers. But every 
term will furnish one equation of condition, so that the number of equa- 
tions will be as great as the whole number of terms iu the series, and 
if this number is large the amount of labor required to find and verify 
the values of tbe constants becomes very considerable, while tbe method 
cannot be expected to have any advantage over the method of interpo- 
lation by groups, as regards tbe^general accuracy of tbe result, except 
in cases where the assumed function is capable of expressing tbe true 
law of tbe natural phenomenon, or of approximating to it so closely that 
the errors resulting from the difference in tbe form of the function will 
be everywhere small enough to be neglected in comparison with the 
errors of observation. Applied to an algebraic and entire function, the 
general effect of the method of least squares will be to increase a little 
the accuracy of representation at tbe extremities of the series, at the 
cost of increased errors iu the remaining portion. To illostrate this by 
an example, let us compare two equations, taken of the second degree 
for tbe sake of simplicity, each of them representing the first six terms 
of series (A), the first equation being obtained by the method of groups 
and the second by the method of least squares. In the three consecu- 
tive groups of two terms each tbe sums are — 

Si=.83I07, Sj=.79689, S,=.84473 



and since fl|=:2, formula (A) gives for the equation of the new 8 

tt=.39717+.0(H7075a!+.0051262j? 
If we assign toar the values — f,— J. — j, &c,in succession, the result- 
ing values of u are the terms in tbe new series, as follows : 
«i=.42494, tta=.3»760, (i5=.4U26 

u,=.10G14, ti4=.3gg30, u,=.4334S 

When these are compared with the original values in series (h), their 
differences or errors, taken without regard to sign, are found to be — 
.00176, .00101, .00157 

.00177, .00100, .00158 

The sum of the squares of these errors is .0000133. 
mtxt, we form six equations of condition of the second degree from 
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the first six terms in series (A), and find that by the method of least 
squares the equation of the uew series ia — 

«=.39710+. 0015743 *+.0051468 a:» 
niis gives for the terms in the new series — ^ 

«i=.42633, ttj=.39760, «s=.41104 

«,=.40632, «4=.39918, ii,=.43321 

the errors are — 

.00137, .00101, .00179 

.00196, .00U2, .00131 

and the Bum of the squares of the errors is .0000129, vhicb is a mini- 
mam. Comparing these results with the ones obtained by the method 
of groaps, ve see that nothing has really been gained in accoracy by 
employing the method of least squares, since the maximum error has 
been increased by it from .00177 to 00195. Besides, the method of 
groups has a great advantage in the simplicity and brevity of the cal- 
culations required.* 

The sum S of the terms in any group can be expressed in still another 
form by means of a series. When /(x± jn) is expanded according to 
the powers of Jn, it becomes — 

/[.±j»)=/(.)±/;(»)Q)+i/»(«)(i)'±aV"'(''G)' 

where /'{;r),/"(a;), &c., are the successive diflferential coefficieots ofyi»). 
ConseqneDtly we have — 

=" [/'w+gy "w (O'+zTa^f" G) y m 

+2737437677 ^"'("(D'+H 
This series will terminate if /(:r) is algebraic and entire. To illustrate 
its application, let ns assume— 

then the other derivatives are — 

f"[s)=B+2<}x 

f"'(x)=2C 
while /"(«), f'(x), &c,, are zero. We have accordingly — 

S=»[/'W+21;/"(X)(»)*] 

* Tbere is atill another method of inteqwlation, devited by Cancby, which can be 
need in cases of thfs kind. It is, however, more luborions than tl>e method here pio- 
poMd, and triali which have been made indicate that it does not secare aaj greater 
accoracy. For Home account of it, see the Ameriean Journal of Science for Jtilj, 1HB2, 
snd Lhittilt^i JoumaJ, vol. 16, page S99. 
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which is identical with formula (1). It will be found that the general 
forianla (11) can be obtained in this way more easily than in any other. 
The particular feature of the first method of adjustment, that it makes 
the arithmetical means of the terms in the conesponding assumed 
groups in the new series precisely equal to those in the original one, is 
also characteristic of a method which has sometimes been employed ,in 
solving equations of condition. (Seethe Calcida Prattles Appligv^aux 
Science! ^Obeervationy by MM. Babinet and Housel, page 81.) If the 
law of a series is to be represented by an equation of the form— 

j/=A + Bf{x}+G'ii{x) + &Xi., 
where ^{x), v(ir), &c., do not contain any constants to be determined, 
then there will subsist between any given terms or urdinates yi, yi, jfj, 
&C., and the corresponding abscissas xi, Xt, x,, &c., the following equa- 
tions of condition : 

y,=A+Bff(a:,)+Cv'(x,)+&c 

yj= A + By (a!,)+ Cv'( J^) + &c 

&c &c. 

Let ns suppose for example that there are only three constants, A, B, 
and C, and that the number of terms in the given series is any greater 
nnmber, for instance six. Then to reduce the six equations of condition 
to only three, we may add them together in pairs or groups of two, and, 
denoting the snms of the terms in the three groups by 8i, Sj, Sa, we shall 
have — 

8,=2A+Bfp(a',)+f(irj)]+C[v(flT,)+M'(3^)] 
Ss=2A+B[y(r3)+f{«,)l+C[V'(a;,)+^(j:,)] 
S,=2A+B[p(ji)+¥'(a%)]+qV'(a:»)+V(a-8)] 
Here there are only as many equations ns there are constants to be de- 
termined, and since Si, 8i, 83, and 2^1, xt, &c., are known from the origi- 
nal series, we can obtain the numerical values of the three constants. 
Let these be A', B', and C; then the equation of the graduated 
series is — 

y=A'+BV(i)+Cv(a!) 

and when the values xi, a^, £C3,&c, are successively assigned to the vari- 
able in this equation, the resulting values of y will be the terms of the 
graduated series, and the arithmetical means of tfae terms in the assumed 
groups will be the same in it as in the original series. This will always 
be the case, without regard to the number of terms in tbe series, or to 
the number of constants and groups to be assumed, or to tbe extent or 
position of the groups. Itis not even necessary that the terms grouped 
together should be consecutive, nor that the abscissas zi, xt, x,, &c., 
should be in arithmetical progression. 

This method, however, labors under certain disadvantages when com- 
pared with the one which we have proposed. The computations it in- 
volves are mnch more laborious, especially when the 2Rimh£C|a^ con- 
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atauts or tbe number of terms in tbe series is large ; it does not give aD^ 
geaeral expression lilie (12) or (44) for the snm S of soy n terms tabeo 
in a group, and it does not permit tbe use of groups composed of a ftac- 
tiooal number of terms. 

jajJTJSTMBNT OP A DOUBLE SEHIES. 

By methods entirely analogous to those which have been applied to 
functions of one variable, we can proceed to graduate an irregular dou- 
ble series or table of values of a fonctloa of two variables. The table 
is supposed to be ansnged in the usual rectangular form, the successive 
Talues of each variable being equidistant. Tlie intervals between any 
two such values, however, are not necessarily the same for both varia- 
bles. Tbe algebraic equation — 

ia the equation of a curved surface. The rectangular table being sup- 
posed to be situated in the plane of X T, with its sides parallel to the 
axes of Z and Y, and its middle point coinciding with the origin of co- 
ordinates, let a series of eqaidiataut vertical planes be drawn parallel 
to the plane of Z Y, and another series of planes in like manner parallel 
to the plane of Z X, so that tbe intersections of these planes with the 
plane of X Y shall form the divisions of the given table. Each of these 
divisions is the base of a solid which is limited at the sides by tbe ver- 
tical planes and at the top by the curved surfitoe. Every such solid 
may be regarded as representing the corresponding tabulated value of 
the function, and the sides of the bases are taken aa unity, but the nnits 
lying in the directious of x and y are not necessarily equal to eacb 
other. If we assume a group of a(yacent divisions of the table, situated 
so as to form a rectangle whose sides, parallel to the axes of X and'Y, 
consist each of m and n imits respectively, then the solid included be- 
tween this rectangular base, its limiting vertical planes, and the curved 
Bur&ce, will be represented by the integral — 



Si 






where x' and y" are tbe coordinates of the middle point of tbe rectan- 
gular base.* Performing the integrations indicated, and omitting the 
accents from x" and y', we have— 

S=mn{A+Bx+Gii+I>{j^+-f,m*)+'E[f+^t^)+Fxy+&c.] ... (46) 
This solid is evidently the sum of the solids which belong to tbe 
several divisions of tbe assumed groop, so that the formnla expresses 
the snm S of the terms in any rectangular group in tbe table by means 
of the numbers m and » of terms contained in each one of the sides of 
the group Ijing parallel to the axes of X and Y respectively, tbe coordi- 
nates X and y of the middle point of the group, and the constants A, B, 
O, Sac. For any group assumed we know the numerical valum (tf^SL m, 
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n, X, and y, 80 tbat every such group fnniielies an equatioo of condition 
vhich, besides the oonstauts A, B, G, &c, contaius only numerical 
qaantities. By assuming aa many groups as there are cousbuits, ve 
shall always be able to find numerical values for the coostants, and sub- 
stituting them in formola (IG), and making — 

m=l, n=l, S=H 

we shall have an eqnation of the form — 

«=A'+B'a:+C's+DV+Ey+F'xy+&c 
which will be the equation of the graduated table, and from which that 
table can be constructed by assigning to x and y the proper series of 
values differing from each other by unity, so that they shall represent 
in saccessioD the coordinates of the middle point of each division of 
the table. 

We can also make an approximate adjustment of a double series by 
formulas analogous to those which we have already found under the 
second method for adjnating an ordinary series. For example, any nine 

a^acent terms Ui,i(i,«3, u« being grouped in a rectangle with three 

& h' a' 
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terms on each aide, as in the figure, let it be required to find a formula 
by which to at^nst the value of the middle term «$. Let us suppose tbat - 
the equation of the carved surface is — 

2=A+Bar+Cy+Di'+Eff» 
then F and alt the succeeding constants disappear, and formula (4C) 
becomes — 



S=mn[A+Ba+Cy+D{a^+iijm')+EO»+ii,B'}] 
Now, in the rectangle aa' we have — 

S=U]+Ui+U3, t»=l, «3i3, af=l, 
80 tbat (47) reduces to- 
il, +t.,+ti,=3(A+B+ifD+}E) 
So, too, in the rectangle bb' we have — 

S=«4+«s4-t(t, m=l, n=3, x=0. 



(47) 



C'^ogle 
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■ad (47) becomes— 

«4+a,+««=3(A+TijD+fE) 
Likewise the lectaDgle co' gives — 

«T+Wi.+«»=3(A-B+4^D+|E) 
AgaiD, for the rectangle ad' we have — 

8=«i+mi+w,+ms+Mt+«b, «=3, n=2, x=Q, y=J 
and (47) reduces to — 

«i+M»+M.+«s+«i+a.=6(A+lC+3D+^E) 
"in like manner the rectangle d& gives — 

«»+«3+«»+K«+««+aB=6{A-i C+f D+^E) 
We have thus obtained five eqoationa by which to determine the five 
constants A, B, C, D, E, in terms of the tabulated valnes tii, «], n,, &c. 
Now, in the middle one of the nine divisions we have — 

S=«(, m=l, n=\, «=0, j;=0 

and formula (47) becomes — 

ii,=A+tV1>+t*jB 
Substituting in this the values of the constants A, D, and E, we arrive 
at the result — 

i.s=J[5tts+2(«,+U4+M,+«,)-(ui+w,+«,+«,)J . . (48) 
tuid this is the adjustment formnla required. Its accuracy can easily be 
tested by trial with any table constructed from an equation of the form — 

tt=A'+B'x+Cy+DV+Ey 
the a^asted value being in this case the same as the original one. In- 
deed, we shall find that the result is exact, even when the table has been 
constructed from a complete equation of the third degree. 

Again, to adjust the value of a term occupying the middle of one side 
<A the assumed rectangle, as uj, for instance, we have — 

S=ti3, m=l, n=l, x=l, jfsO 
and consequently — 

ii,=A+B+J$D+AE 
Sab^titnting the values of A, B, D, and E, we obtain the adjustment 

fOTIDUla — 

«,=J[5«,+2(tti+«j+tt,-|-«,)-{«,+K,+i.,-|-«8)] . . (49) 
In a similar way the adjusted value of a term like «i, occupying one 
cwner of the assnmed rectangle, is found to be — 

«,=^B«i+2(m-|-«,+tt4+»,)-(t(.+«6+i(,+«,)] . . (60) 
By one or other of the three formulas here given, the value of any term 
in an irregular table can be approximately adj usted, and, as in the case of 
an ordinary series, the weight of the term to be adjusted may be in< 

d or diminished at pleasure. 

21s 71 



i by Google 



322 METHODS OF IKTEBPOLATION. 

APPENDIX I. 
IMPEOTXD iDJUSTMKNT FOBsmLAS. 

We bare seen that in (16) and aimilar formnlas used for making pn- 
paratory adjustments by the second method, the local weight of the middle 
t«rm can be increased or diminished if desired, and that, when the for- 
mula inclades more than five terms, the weights of other terms besides 
the middle one can also be maile to vary. We have employed this pro- 
perty in assigning to the several t«rms, weights iDcreasing in arithmetiF 
cal progression, from the extreme terms to the middle one, as in formula 
(20). But further investigation has shown that this arrangement of the 
weights, although it gives formulas which are very simple and easy (tf 
application, is not the best one in theory. To determine what the beet 
arrangement is, we must consider that when one of these fonnolae is ajh 
plied at any part of a series, all those terms which are not included by 
the formula have the weight zero ; that as the adjustment ptogresaes, 
when a t«nn is first included by the formula its weight is negative, it then 
becomes positive, attains its maximum when the term occupies the mid- 
dle position, then diminishes till it becomes negative again, uid flnidly 
resumes the weight zero when the term is no longer included by the for- 
mula. To make this transition as unbroken and continuous as posBible, 
it is evident that if we regard the weights as ordinat«s to a curve, the 
form of this curve should be as shown in the annexed figure, for aformula 
including seven terms whose 
positions 1, 2, 3, . . . 7, 
are laid off eqnidistantly on 
the axis of X. The curve is 
symmetrical with respect to 
the middle ordinate orazisof g 
Y, and is tangent to the axis ' 
of X at the points and 8, 

which are the positions of the two nearest terms not included by tiie 
formula. Such a curve has four points of infiexion, so that if it is of 
algebraic form, it must be of a degree not lower than the sixth. As- 
Euming, then, that the series of weights from to 8 inclusive is of the 
sixth order, and that it has maxima at the points and 8, these two 
conditions will snfGceto determine the two arbitrary numbers fc and k 
in the formnla — 

+(8-i)(%+«s)-5(Mi+ii,)] 
which holds good, as has been shown, for any seven consecntive terms 
in a series of the third or any lower order. Since the nine weights — 
0, -5, (8-fc), {13+4fc), (13+4fc+ft'), (13+fti^,,^^^),otr«» *> 
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are to form a series nf the sixth order, their seTeotlt differeoces will be 
lero, giving the equation — 

_5-7{8- 1) + 21(13 + 4 fc)-35(13 + 4 )fc+ fc') 
+35( 13+ 4 ft)-21(8 -ft)-35=0 
Also, since there ia to be a maximam at the initial term 0, the differ- 
ences of the series of weights mast satisfy the condition — 

giving the equation— 

1800+460{8-ft) -472(13+4 ft) +225(134- 4 fc+&')=0 
We have then two equations, from which the nambers ft and V are as- 
certeined to be — 

BO that the adjustment formala becomes — 
««=rTiTF«[23l04«,+16425(M3+a,)+3060(«,+«,)-3185(«,+»,)] . (53) 
Here the nine weights — 

0, -3185, 3060, 16425, 23104, 16425, 3060, -3185, 
form a series of the sixth order, and if their successive orders of differ- 
eDces are taken they will be fonud to satisfy the equation (51). The 
following fonnnlas, comprising five, nine, and eleven terms respectively, 
possess properties similar to the above: 

«3=n^r83 iia+400(ii,+«,)-100(K,+M,)] 

.i,=j^^[19375t<s+15696(tt,+%)+7056{Ma+»,) 

-704(«,+tt,) -2349(t(i+ii9)] 

««= ai T 3i6' ' aaaai8 [595g7104206 «e+51593437700(«a+«7) 

+ 31316296640{W4+ti,)+8277866685(«j+ «») 

-6224658450(«,+M„) — 6070435C69(tt,+ttii) ] 

It will be more convenient in practice to have the weights expressed by 

decimals, as follows : 

W3=.56616m3+.28923(«,+«,)— .07231(«]+«,) . . (53) 
K(=.41476Mi+.29486(«3+iis)+.05494(«,+M6)-.067l8(«,+M,) . . (54) 
w,=.32966 «s+.26706{«(+«b)+.12006(«,+«,) > 
-.01198(tt,+«,)-.03»97(u,+ti,) Y 

iiB=.27406««+.23737(iii+M,)+.14408(M4+«8)+.03809(M3+tt8) 
- .02864{m,+ Ml,) -.02793(i(i+«ii) 

Without attempting solutions in whole numbers, we can i^oceed id 



(56) 
n i^oceed id a 
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Bimilar way to find decimal veighta for thirteen or more terms, as in 
the following cases: 



(57) 



«T=^i66tt,+.21137(iifl+Ms)+.14934(Ms+WB}+.07003{M4+Mio) j 

+.00195(Ma+Mii)~.03005(w,+ai,)— .01997(«,+Mi3)' 

' «g=.20522MB+.18953(tt,+W9)+.14651(«s+«io)+.08755(«,+ttji) \ 

+.02875{M,+i(i,)-.01321(«,+«ij)-.02709(ii,+ttM) J (68) 
-.01465(ui+«n) ) 

Id each of these fonaolas the sum of all the weights, taken for each 
term separately, is nnity, as it should be. Owing to the rejection of 
decimals after the filth figure, this condition would not always be ex- 
actly satisfied, and consequently the fifth figure, as above given, has 
been made to differ in some cases ttom its nearest value, to the extent 
of a single unit of the fifth place. Actual trials have shown that a 
better graduation can be made by these formulas than by any of the 
similar ones previously given, and it is possible that, in some cases, a 
table of mortality may be graduated sufficiently by this means alone, 
withont reconrse to the first or third methods of adjustment. 

It will often be sufficient for practical purposes to use only three places 
of decimals ; and in making an adjustment of a given series by any 
single formula, we can facilitate tlie multiplications by preparing in 
advance a table showing the product of each of the decimal wdghts l^ 
each of the nine digits. 

There is another method, allteO to the preceding, by which Che 
weights may be determined when more than five terms are to be included 
in a formula. Supposing the number of terms to be seven, we may 
assume that their seven weights, together with the two nearest zero 
weights, are ordinatcs to a curve of the eighth degree, since such a 
CKTv* can be made to pass through nine given points. We have, ai 
before, the condition that this curve shall be tangent to the axis of X 
at the points and 8 ; and tomake its continnity with the axis at tboM 
points as complete as possible, we may give it a contact of the second 
order, so that its first and second differential coefficients shall both be- 
come zero at the points and 8. We have thus the two conditions — 
. J,, J, At A, 4. 4, 4, . 
^>-2 + 3-4 + B-6+T-8=** 

^--^.+-15 — r+T8ir— io+-5er=*' 

By means of these we obtain the two numbers — 
._37976 ty_135(«7 

and the adjustment formula is found to be — 

«*=§5^[371712«4+236625(«j+«a)+14160{M,+«e}-32586(«i+«,)l 

Dyirz^dbyGoO^le 
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With decimal weights it becomes — 

U4=.15998t(4+^2Sl{U3+u,)+.01752(u,+ti«]— .04032(Ui+u,) 
In a Bimilar manner we might proceed to find formulae inclnding more 
than seven terms. With nine terms we should assume acorveof the tenth 
degree, with the three cooditiona that its first, secoodj and third dif- 
ferential coefficients should all become zero at the poeitiona of the two 
nearest zero weights. 

This method of determining the weights may seem to be theoretically 
better than the previoos one, but the labor required in obtaining the 
' formulas is very considerably increased, especially when nine 'or more 
tenna are to be included by them, and the practical advantages of the 
method, if it has any, must be small.* According to the theory of 
probability of errors, if we let t denote the probable error of each single 
term in a given series, then the probable error of a t«rm adjusted by 
the above formula will be— 

to=f^'.45998»+2{.2928P+.01752*+.04032»)=.62204. 
Bnt if the adjustment were mada by formula (54), the probable error 
would be only — 

.,=c V.4147(P+2{.2948<P+ .05494'+ .05718')=.59874 . 
which indicates that (64) is slightly superior in the accuracy of its 
results. This, however, is not conclusive as regards smoothness of ad- 
jDStment. If we imagine two series, such that the probable error of a 
single term is smaller in the Srst one than in the second, it is still pos- 
sible that the second may be the more perfectly graduated of the two, 
since its errors may follow a cootinnous sequence or curve, while the 
errors of the first may be arranged irregularly or fortuitously, so as to 
follow a broken line. The comparative regularity of the gradaation of 
two series obtained by using different a^instment formulas will be best 
ascertained by compariug their corresponding orders of differences. 

The fourth dififereuce iB most convenient for this purpose, and may be 
obtained directly for any five consecutive terms by means of the for- 

J(=6«3-4(t(,+1l4)+(K,+M8) 

Having thus computed all the fourth differences for each of the two 
series, we can add'them together in each case without regard to sign, 
and the series which gives the smaller sum may be regarded as the 
bett«r graduated of the two. This becomes evident when we consider 
that a curve of the third degree, since it admits a point of iofiesiou, 
may be taken to represent approximately a limited portion of any 
regalar curve ; and as all the formulas of the second method of adjust- 
ment give accurate results for a series of the third or any lower order, 
their use tends to bring the adjusted series into such a form that any 

■ Sabaeqaent trimla luv«' Bbown that it hsa at^ ^^^ t,^ OoOqIc 
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small uiimber of consecutive terms in it will be approximately of an 
order not higher than the third. Hence, if any seriesj such as a table 
of mortality, is tlius adjaated, its fonith differences will be small, uid 
positive and negative valnes will be equally probable. 

In the case of formulas like (22), which tiold good for a series of the 
fifth or any lower order, we may fix the local weights of the terms by 
these two conditions, that the whole series of weights, inclading the 
two nearest zero weights, should be of the eighth onler, and that it 
should have minima at the begiuniag and end, so as to satisfy the equa- 
tion — 

A ^»a.'^» ^«-n 

^'-2 + 3- -»=** 

Thus we obtain the formula — 

jj,=^^r^[7968tt,+3675(u,+tt,)-li70(«i+«6)+245{w,+«,)] 

which, with decimal weights, is — 

«(fc.6l922«4+.38559{«j+«8}— .11424(Mi+«6)+-01904(w,4-it,) . . . (B9)» 

To And formulas for adjusting the first two and last two terms of a 
series, we may proceed as follows; Assuming that five terms, «], «i, Wi, 
«4, Us, form a series of the second order approximately, and taking the 
equation — 

«=A+Ba:+Ca!» 

with the origin of coordinates at the middle term Uj, we have the five 
equations of condition — 

ii,=A-2B+40 

«i=A-B+C 

«3=A 

«4=A+B+C 
«s=A+2B+40 

Combining these by the rule of least squares, we find that the values 
of the three constants are— 

B=A[2(«,-Ui}+(«.-«i)] 
0=,ij[2{a,+We)-2a3-(«a+ii4)] 
and consequently we have— 

tti=3l5(3lMi+9«a— Sua— 5«,+3«s) ... (60) 

«,=3V(9«i+13«,+12a3+6t(,-5tt,) . . . (61) 

which can be used with advantage in place of (25) and (36), if the series 

■This f ormolu may benaedvhen theUw of a given Beries vuries ao rapidly ttwt fi*e 
consecutive tetma cannot be regarded as tbnniog a series of an order not higher tlm 

""*""'• „„.,Google 
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to be ac^asted is not a very irregQlar one. We can proceed in a eimi- 
lar way to obtain formnlas for adjusting the middle term in any group 
of five, Beveu, nine, or more terms, as follows :' 
«3=3ij[17 «3+12(u,+«4)-3(ii,+Mj)] 
»*=A[' «i+6(«3+«*)+3<ai+«,)-2{«,+tt,)] 
«»=3*T[69«s+64{ii,+«B)+39(«3+t(,)+14(t(,+«a)-21(«,+iis)] 
In all these cases, the weights form a series of the second order. Tbe 
probable errors are less than those given by other similar formuJas ; for 
instance, the probable error of tbe adjusted value of u, is only — 

Bot it has been fonnd on trial that, as regards smoothness of adjast- 
ment, tbeee formulas are decidedly inferior to (53), (54), &o., or even to 
(17), (19), &c This is owing to the great wuit of continuity between 
the weights of the formula and tbe zero weights. If we apply Gauchy's 
method to tbe same series of tends as above, we get — 

«8=3Jt[41(M3+«,+ +«,)_14(M,+«,+ «„+«„)] 

All these, except tbe second, aie special cases under our formnla (13). 
The first one is tbe same as (14), 

iLSDITIONiX POBHUXAS UnSEB THB FIBBT METHOD. 

Tbe simplest case of all has been omitted ; it is that in which tbe 
graduated series is of the first order, so that the expression for the som 
of any « terms in a group is — 

8=ii{A+BiE) 
Assuming any two groups composed of tti and ttt terms respectively, 
with the origin of coSrdinates midway between tbe middle points of the 
groQps, and denoting by a the distance &omtbe origin to either of these 
points, we have for tbe values of tbe constaota — 









" In like maniMir, it cui be shown that formnlae (48), (49), and (60) an in «ccotd- 
ance ■with the ptinoipla of leaet Bqoares. ^ , 
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If tbe assomed groups are consecatiTo oaA contaiD ni terms eac^, the' 
constante viU be — 

A=i(S.+S.)) 

(63) 

B=^S.-S.) ) 

This properly commeDces Dot ooly the series of formnlas (A), (B), (C), 
&c., but also the scries (-lO), (41), (42), &c. 

Agaio, when formula (12) is extended so as to include nine constants, 
it becomes — 

S=n[A+ AC »■+ AE a'+rfrO ••+lAlI "'+(B+iD »■+ AI' •' 
+AHn>+(0+JB«'+AG«'+,VI«')»'+(D+ 
+ VV H ft')** + (E + 5 G n» + J I »*)a!* +(F + J H nV i 
+ (G+JI»V+Hi'+Ia^J ) 

If ve assume nine consecntive groqps, containing ni terms eacb, the 

Tallies of the constants are found to be— 

•*=io32n2(re;l"™^^^^'+^^°''*<*|+^'+i22'(^'+^> 

-8<K1216(S,+S,)-17000(8,+S,)] 
B=5,5jij5^|57468(KS,-S;)+33878<3,-S,)-170*22(S,-S.) 

. -3229(8,-8,)] 

C=jgjjijjjp(1912064(8,+S,)+4448(l(S.+8.)-3260110 S. 

-323260(8,+ S,)-3229(8i+8,)] 

-1406(8.-8,)] 

B=5,5^[lB«028.+3908(8,+S,)+47(8,+S,)-10840(S.+S,) 

-616(8,+S,)J 

6=J55^,[7K(8,+S.)+80(8,+S,)-970 8,-340(8,+ 8,) 
-7(S,+8,)] 



I=j55g^[708,+28(S,+S,)+(S,+ 8,)-56(S,+8,) 

-8(S,+8,)] n.jii ..a B, Google 
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This formola may be naed advantAgeonsly in eoDstracting a gradiMted 
rate of mortality simitar to series (A) iu Table II. The simplest mode of 
procedtue will be to obtaia the equatioa of the gradaated series of the 
form — 

tt=A'+E'a!+C'a;*+ +I'aj' 

and to compote by logarithms first the valnea of B'x for all the ages, 
then the values of CV in like manner, and so od, and finally to take the 
aggregate of tlie valnes at each age. The accuracy of the work will be 
tested by the condition that the sums of the terms iu the corresponding 
groups in the graduated series mnst be severally equal to those in the 
given one. It should be also mentioned that, to insure accuracy, the 
maltipUcations within the brackets in formula (G), such, for instance, as 
that of St by it» coefficient 11702134, &c, ought to be performed arith* 
meticaUy and not by logarithms. 

INTEBPOLATIOH BY HEABS OV AN EXPONENTIAL FUNCTION. 

When values in arithmetical progression are assigned to ir in the ez> 
poneutial equation — 

t)ie resalting valnes of y will bet«rmsin a recurring senes, whose order 
is denoted by the number of constants fi, r> ^i &c. The above formula 
has sometimes been used for the purpose of ordinary interpolation, aud 
represents a curve which, under certtun conditions, can t>e made to pass 
through any number of given poiots whose ordinates jr», yi, jh, &&, are 
eqnidistant. The whole number of constants b, c, i, fi, y, i, Sk., inclnded 
by the formula, most be equal to the number of points given. If this 
is an odd number, we must write — 

y=a+ft/P+c^+da'+ &c. 

For the most general method of determiniDg the valnes of the constants 
in any giveo case, see articles by Prony, in Vols. I and II of the Journal 
de VA»le Polytecknique. We may here remark that if there are not 
more than five constants, their values can easily be obtained in the ordi- 
^lary way, first eliminating a, b, and c fiom the equations of conditiou, 
tlien finding the valnes of ^9 and r, and afterward finding those of a, b, 
and e, 

Now let us write the general equation under the form— 

y=A+(Blog'j9)i9'+(01og')-y+(I>log'a)a-+&c, . . {65) 
where log' denotes the Naperian logarithm. Integrating ydz between 
the limits a:— ^M and x+^n, we get — 

8=An+B(j»»-^-»»);S«+C{j't»-r-*")?^+I>{'''"-*-*»)^+ &c. (66) 
which is identical in form with the expre8eionfory,aofar as the abscissa 
. X is concerned. Consequently, if we assume a series of groups contain- 
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JDg ni terms each, and eqnidistatit, bo that h may denote tbe constant 
iuterral between their middle pointa, and if we put A'=AnI, and — 

B'=B(/9hh_/!-l».), C'=C()*^-r-*"'), I>'=D(a»».-a-t».), &c. 
and place the origin of coSrdinates at the middle of the left-hand gronp, 
then the snms of the terms in the several groups will be^ 

So=A'+B'+C+D'+&c 
Si= A'+B'^+ Cy +D'3'+ &c 
S,=A'+B'^+C'/»+D'3«+&c 
Sj= A'+B';P+C'r"+D'd"+ &c 

and in any given case, assnmiDg as mtuiy gronpa as there are oonstanta 
to be determined, we can find the values of the constants tram tliese 
equations of coodition, just as in ordinary interpolntion from ordinates. 
In accordance with the general method referred to, we proceed as fol- 
lows: If the number of constants is an even one, for instaoce, six, the 
groups forming a recurring series of the third order, whose scale of rehi- 
tion is — A«, —A], — Ai, we shall have the three equations — 

A^+ A,8,+ AA+ 8,=0 

AflS,+A,S,+AA+S«=0 

A«8,+A,8,+AA+S,=0 
These enable ns to' find the numerical values of Ao, A], A*, aoA we snbsta- 
tnte them in tiie equatUm of relatUm — 

This nnmerical equation of the third degree being solved, its tntee toata 
wiU be the valnes of the three constants ^, r*, ^. Substituting them 
in the three equations of condition — 

So^B'+C'+IV 

8i=B'i9*+Cy+D'*' 

S,=B'(S»+C'/»+D'i»' 

we can find the valnes of B', 0', and ly, and consequently those of B, C, 
and D. Having thus determined aQ the constants in the equation — 

we are enabled to interpolate the snm S of any n terms taken in a gronp, 
or any single term, and to form a recurring series of the third order, 
snob that tJie arithmetical means of the terms in the six assumed groups 
will be the same in it as in the given series. The equation of the grad- 
uated series will be of the form — 

«=B"j9'+CV+I>"'' 
When tlie assumed groups are eonsecutive, we shall have &=%. The 
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ibiee roots of the equation of relation maat in all cases be ]>o8itive; if 
any of tbem are negative, the inference will be that the given series 
cannot, for pnrposes of interpolation, be represented b; an equation of 
tiie proposed form. 

If the number of constants is odd, for instance, seven, we shall find the 
•cde of i^ation from the four equations — 

A^S,-A')+Ai(S,-A')+As(S,-A')+(S,-A')=0 
A,(Si-A')+Ai(aj-A')+Aj(S3-A')+(S4-A')=0 
Ao(S,- A'}+ A,{Sa-A') + Aa(S,-A') + (S,- A') =0 
A,,(S3-A'}+A,(S«-A')+A,{a3-A')+(88-A')=0 
first eliminating A' by subtracting each equation from the sncceediag 
■ one. The equation of relation will be of the same degree as in the pre- 
vious case, and the values of A', B', C, and D' will be found f^m the 
fbur equations of condition— 

So=A'+B'+C'+D' 
Si=A'+B'jS*+CV+D'^ 
Si=A'-fB'/i"+C';^+D'3» 
83=A'+B'^+C'r"+D'a» 

If the nnmber of constants and of groups assumed were eight or nine, 
the mode of procedure would be precisely similar to the above. The 
scale of relation woold contain fonr terms, and the four roots of the 
equation of relation— 

2*+A,z='+A»a»+Ai«+Ao=0 
W(Hild be the values of the four oonstanta ^, r*, ^, «*• 
In the simplest case of all, we have the curve — 

whose equidistant ordinates are in geometrical progjression. If ve 
assame— 

y= A+(B log- ;»)/>■ 
itisea^ to obtain the following: 

3,-8, 



B: 



ICi') 



-(,)»-l)(;3».-;S-») 

8=Afl+B(^*"-.r*")^ 7 
This can often be osed with advantage in place of (3) or any similar 
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fonnula, in making a distribotion of population or deaths at the eariiast 
and latest agea of life, where the values vary so rapidly as to give the 
series an exponential rather than a parabolic torm. 

But when oar object is merely to gradaate an irregnlar series whose 
terms are all separately given, the easiest way to pat it in an exponen- 
tial form will be to take the common logarithmaof all the tenns, as haa 
been already snggested, and adjnat them by the second and first 
methods, and then take the nambers corresponding to the gradoated 
logarithms. The equation of the &na,\ series will be of the form 

the simplest case of which— 

«=10("+w 
represents a geometrical progression. 



APPENDIX n. 

Among the varions methods which can be nsed for fixing the valnes 
of the local weights in adjustment formulas, tbe following one is perhaps 
deserving of especial notice : 

Assuming that the tme law of a given series of nnmbers may be 
regarded as algebraic and of an order not higher than the third, and 
that tbe irregularities in the series are of the nature of accidental errors 
or deviations from this tnie law, and that deviatious of a given amount 
are as likely to occur in one term as in another, let it be regnired to 
find that system of weights which will render the probable value of tbe 
fourth differences of the adjusted series, taken without regard to sign, a 
minimum. 

Considering, in the first place, the most general form of an adjustment 
formula comprising only five terms, which may be written— 

we have for the values of five consecutive terms in the adjusted series — 
tt'j=jxBffc«3+4{t(a+Mi)— {«i+«s)] 
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The foartb difference of these terms is — 

and coDsequentlj — 

'**=4^t(«*-3*)«»-('**-32)(««+ii«)+(fc-22)(«,+ttT) 
+8(«,+«,)-(«,+tt,)J 
If ve suppose that the series Ui, Uj, Ug, &&, ia of ao order not higher than 
the third, the at^asted series u'g, u'4, »'«, &&, will be of the same order, 
so that its foarth differences will be z«ro, and both members of the above 
equation will be eqnal to zero. But if each of the terms ui, uj, &c^ is 
liable to qn accidental deviation or error, whose probable amount is 
denoted by i, then the probable value of J4, taken without regard to 
sign, will be— 

which reduces to — 

(J0=o:6J70ft»-100Sft+4302 
Begarding ( J|) as a faction of the variable It, we have the eqoation— 

from which to find that value of i which makes (J*) a minimum. This 
is k=^^ ; and substitating it in (68), we obtain — 

tt3=ri5[Ul"s+5«{«»+««)-14{tti+«.)] . . (69) 
- which ia the adjustment formnla sought. 

To find a similar one tuclnding seven terms, we may take the UMt 
general form as nsed in obtaining (52), or, what amounts to the same 
thing, by proceeding as in the demonstration of formula (20), we can get — 

+(«-*K«.+«.)-(«,+«,)l 
Since V affecte only tbe weight of the middle tenn, ve ma;, for Oie salEe 
of brevity, denote that weight by i' alooe, and 80 write — 

The espreaeion for the fonrth dlflbrence of the Mynated aeries then is — 
<l.-jq:^t:;5ii[(«*'-34l+132)il.-(4*'-32!:+130)(ii,+»,) 



+(i'-22*+100)(«,+«.)-(45-8 *)(%+»,) 
+(10-i)(«,+»„)-(»,+»„)l 



.Google 



334 METHODS OP INTEHPOLATION, 

and vbeu eacb term is supposed to be affected by a probable error or 
deviation c, the probable viilne of ^t becomes — 

+{lif-'Z2k+Hi0f+(45-Skf+{l(i-k)'+l] 
whicb reduces to — 

Begarding ( J() as a foaction of the two independent Tariables Je and V, 
we bave tbe two equations — 

IF-"' "dF-" 

giving the values t=fi and fsi*^, which render (J,) a minimnm. 
SubstitntiDg these iu (70), we get tbe adjustment fonnnla sought— 

M4=j^j3[4C9«,+324(it,+«,)+54(«s+«6}-60(«i+«,)] . . (71) 
It is found that in each of the formulas (69) and (71), the whole series 
of weights, taken together with the eight nearest zero weights, consti- 
tutes a series of the tenth order. By means of this property, we can 
construct with great«i facility the following similar formulas: 

«i=TATE[2884w.+2268(w,+«B)+OT8(wj+«,)-132(«,+w,)) 

_297{«i+«,)] ' S^ ' 



«»=3jW3»8«,+C100(«,+«,)+3410(«4+«b)+660(«1j+««)> 
-715(«,+«,o)-572(M,+«„)] S 



(73) 



«>=T5^m[*8C36«i+42768(%+ti8)+27918(«8+Ws)+108C8(M4+ttio)) 
-1287(M3+iiii)-5148(Ms+Kii)-2860(«,+Mi3)] ) 



(76) 



«*=!n-ATi}[82764 «B+74844(M,+Mo)+ 54054(1(6 +i(,„)+28028(«,+(i„) > 
+5733(tt4+«u)— 6552(«3+«i3)-8092(K|,+«j,)-3C72{Mi+Ku)] y 

If the smallness of the fourth differences of the adjast«d series is to be 
taken as the ultimate and only teat of its regularity of curvature, it will 
follow that these formulas ought to be used in preference to (53), (54), 
(55), &C., fhim which, indeed, they do not differ greatly, as cau be seen 
on comparing their decimal weights. The probable errors of the ad- 
lasted terms, however, are increased^a little, and the weights follow a 
curve which is not precisely.tangent to the line of the zero weights. 

At all events, the same principles cau be usefully employed in fixing 
the weight of the middle term iu fonnnla (48), so as to give greater reg- 
ularity to tbe adjustment of a double series. By a process precisely 
analogous to that by which (69) was obtained, it caa be proved that in 
order to render the probable v"'"" "^ the complete second difference 
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Js«] of tbe a^JQBted doable aeries a miDimam, the weight of the middle 
term mast be iocreosed from 5 to 8^, so that — 

W5=,V[33t<s+8{«a+«4+«s+«,)-4(«i+U3+«i+M9)] . • (76) 
will be the formula required. 



APPENDIX in. 

Since the present memoir vas vTitten, the author haa met with a 
Bmall work by Schiaparelli, designed with especial reference to the 
redaction of meteorolo^cal observations, and entitled 8ul modo di rica- 
vare la vera espregsione deUe leggi della.natura dalle curve empirichs; Mi- 
lan, 1S67. That work, it is proper to acknowledge, anticipates to a 
certain extent the second method of adjustment here given. It con- 
tains, in section 46, a development of the general relation, or system of 
conditions, which exists between tbe numerical coefBcients or weights, 
in formnlas for adjusting the middle one of any group of an odd nnm- 
ber of terms in a series. The mode of demonstration is qnite difibrent 
from tbe one here followed, and its author does not obtain any of the 
special adjustment formulas which have here been constructed and re- 
commended, such as (17), (19), &c., (53), (54), &c., or (69), (71), &c. He 
gives instead, on page 17, that special case under our formula (13) which' 
arises when we take — 

iij=n„ . ai=i(ni— 1) 

and also gives, on page 47, tbe formulas which render the probable error 
of tbe a^usted t^rm a minimum. We have seen that these last can be 
derived from equations of condition by tbe method of least squares; that 
their weights form series of the second order ; and that the a^astments 
which they make are not nearly so smooth and regular as those made by 
formulas whose weights follow a carve which is continuous with the 
line of tbe zero weights. Tbe method of least sqnares presupposes that 
the assumed algebraic equation, of a degree not higher than the third, 
can accurately represent the true law of the natural phenomenon 
throughout the wholegroupof terms included by the formula; and, more- 
over, to give full scope to tbe method, the number of terms included 
OQght to be large. These conditions will be but imperfectly fulfilled in 
practice, and since the true law of tbe natural series is supposed to be 
continuous and not irregular or broken, it appears probable, or at least 
quite possible, that the system of weights which makes the smoothest 
adjustment will also make the most accurate one. 

The method which Schiaparelll gives on pages 23 to 30 of his work, 
for obtaiuiog the values of the constaqts in empirical equations of alge- 
braic-or circular form when the arithmetical means of the terms in cer- 
tain groups are taken as data, is not eqnivalent to tbe first method here 
proposed. It requires for completeness two sets of formulas, one to be 
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Qsed when the namber of terms groaped together is odd, Bod the other 
when it is even ; it regards the terme aa being geometrically represented 
by ordinates, instead of areas, and does not permit the use of groops 
composed of a Ihictional namber of terms, and it is not generallf appli- 
cable to functions of other forms than those specified. 



APPENDIX IV. 

ADDITIOlfAL POBUULAS FOB IHTEBPOLATION TTITH A. omonLAS 
FUNCTION. 

Dwoting by N the vbol^ namber of terms in the circular period, let 
OS write -^=1}; then assuming the cnrve — 

y=A+iefB,sin (a;C)+CiC08 (a^(!)]+|e[Brfin2(irS)+Ceo8 2(ar*)J ) 
+|tf[B3 sin3(a:S)+C3 cos 3{xe)]+&c y 

•we shall have for the snm of the terms in any group — 

8:s An + Bin^(nO)[B, sin (xo)+Ct cos (xo)] ^ 

+ sin I (« fl)fB, sin2(a:0)+C, cos2(a;0}] W78) 

+ sin I (n fl)[Bj sin 3 (a;fl)+Cj cosS {a:tf)]+&c J 

From this we can derive formulas for computing the values of the con- 
stants A, B], Oi, B,, Gi, &c., jnst as formalas (A), (B), (G), &&, were 
derived ftoai the algebraic formula (11); or, otherwise, we can determine 
the constAuts by treating the equations of condition in the manner 
peeoliat to tJie method of least squares. The results are the same in 
either case. When the If terms are divided into three oonsecatire 
groups of equal extent, we shall have — 

A=^(8,-|-S,+S,) ^ 

, Bi=|(S3-S,) ^(*> 

C,=J sin 60O[2 8,-(Si-|-8a)] ) 

With tour groups, we get — 

A=i(S,-l-S,-|-S,-t-S,) \ 

B,=J[(Sa-S,)-H(S<-Si)]>(6) 

C.=i[(S,-fS3)-(S,-l-8,)]\ 

B,=K(S3-8»)-(94-S.)]; 

We omit the formulas for five, seven, nine, Ac, groaps, which are not 
required in practice, the common use of monthly or hourly datft in 



UETBODS OF INTEBPOUTION. 337 

neteorolog; mokiog it coavenieut to bsve the namber of groups a 
diviwr of 21. With six groujis, tile coDstaots are — 

A = ^(S,+S,+S.+S,+S,+S,) 

B,=}[2(S=-S,)+(S,-S.)+(S,-S,)) 
, C,-§ sin 60O[(S,+S,)-(S,+S.)l 
B,«H(S.-S.)-(S.-8,)J 
C,=J Bin COO((S,+ S.)+(S,+S,)-2(S,+S,)|\ 
B.=ilB,-(S,-S,)) 

Witli eight groups — 

A = l(8,+S,+ +S,) 

B,=l(3 sin 40o+l)[(S,-S.H-(9,-S,)]+}[(S,-S,)+(S,-S,)]/ 
C,=J(2 .in «io+l)I(S.+ S.)-(3,+S.)J+il(S.+ S.)-(S,+S,)J 
B,=l[(S.-8,)+(S.-S.)-(S,-S,)-(S.-S,)J ) (d) 

0.=H(S.+ S.)+(S,+a,)-(S,+8,)-(S,+8,)J 
B.=B,- sin 450((S,_SJ+(a,-S,)J 
C,=C,+J[(S,+S,)+(S,+S,)-(S.+S.)-(S.+ 3.)] 
B.=i[(S,-S,)+(8,-S,)-(S.-8.)-(8,-S,)l 

And nith twelve groups — 

A=^(8,+S,+ +S„) \ 

B,=l(5il. 60<i+l)[(S,-S,)+(S,.-S.)]+J(slll 6<P+})[(S,-S,) 

+(S„-S,)J+i|(8,-8.)+(S„-S,)J 
C,=l(8iu 60o+l)[(S,+S,)-(S,+8„)J+J(8in W^+JlKa.+S.) I 

-(S,+S„)]+J[(3.+S,)-(S,+S,.)1 
B,=i[2(S.-8.)+(S,-8.)+(8,-8,)-2(S„-S,)-(S,-a.) 

-(8„-8,)I 
0,=J sin 60o[(S,+8,)+(S,+8„)-(S.+S,)-(S.+8,)] 
B,=l[(S,-S.)+(8.-S,)+(S„-S,)+(S,.-S,)-(S.-S,) 

-(S„-S,)] /(«) 

C.=lf(S,+S,)+(S.+3„)+(S,4-'s„)-(S.+S.)-(3.+S,) 

-(S,+S„)l 
B.=J[(8,-S,)+(3„-3.)-(3,-3.)-(3.-8,)] 
V.=i .in 6001(3,+S,)+(3.+S.)+(8.+3„)+(8,+8„) 

-2(3,+8,)-2(S,+ 3„)] 
B,=(3,-3.)+(S,-S,)+(S„-S,)+(S„-S,)-B,_4B, 
C.=(S.+S,)-(S,+Su)-C,-2 0. 
B.=A[(S>-S.)+(S,-8,)+(S„-S,)-(8,-8,)-(8„-S,) 
-(S„-S,)J 

To illastrate the nse of these formnlaa by an example let ns take the 
series employed in illustratiog Cauchy'n method of ioterpolatJon ili,tt<e- 
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United States Coast Survey Beport for 1860, paeo 392. Column (1) of 
the following table sbowa the terms of the given series correspoadii^ 
to each hour of the day : 



Hour. 
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S3 


..13 


.144 



It is required to represent this series by a formula containing five con- 
stants. We will not make any prelimiuary ai^DBtment by the second 
method, as that is not indispensable to our system of interpolation by 
groups, although it is generally desirable, as, indeed, it wonld be in a 
less degree with Cauchy's method, which also depends on the summa- 
tion of irregular series of quantities within certain intervals. Dividing 
our 21 giveu terms into six groups of equal extent, we get — 
S,= .46 .' S,=.15 S,= -.73 

8,=-.57 8,=.67 8.= .05 

Computing by formula (c) the values of the first five constants, and 
substituting them in (78), we have — 

S=.0008+ sin j(nfl)[— .0667 sin (.c*)+.1848 cos (xO)] 
+ sin (nc)[.3067 sin 2{xe)+.75ii cos 2[xo)] 
which we transform into — 

S=.0008+.1965 sin J(nO) sin (x0-i-l(^51') 
+.8144 sin (nO) sin {2a!tf+67053') 
This expresses the sum S of any group of n terms in the graduated 
series, the abscissa of the middle point of the group being x, and eadi 
term being supposed to occupy, on the axis of X, a space equal to 
unity. The angle is ^=15°. If we further take n=l and 8=tt, we 
obtain the equation of the graduated series — 

a=.0014-.026 sin (a;tf+109o51'}+.211 sin {2a;fl+67053') 
From this the values in column (2) are computed. The sums of the 
terms in its six groups are, of course, not precisely equal to those in 
column (1). To make them so, it would be necessary to add to the 
equation the term containiug the sixth constant B^ This term is — 

4-.018sin3(:r(}) 
The origin of co-ordinates is at the middle of the series. If we wish to 
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transfer it to the first term, ve put a;— 11| in the place of x, and tlius 
get— 

u= .001+ .026 sin (j;ff+297021')+ .211 aiu (3 jf fl+82053') 
which does Dot differ greatly &om the eqnations obtained by Cancby's 
method and the method of least squares, as given in the Coast Surrey 
Beport. 

Similar results wonld be obtained by diTiding the given series into 
eight or twelve groups, and compating the values of the flr^t flve.con- 
stants from formulas (d) or (e). These results woold probably be a little 
more Accurate than the preceding, being in accordance with the prin- 
ciple of least squares, as already stated. 

Ip cases where the data for loterpolation are the mean values M,, M„ 
&i„ &c.,of the ordinate, taken within intervals formed by equal divisions 
of the circular period K, our formulas {a], (b), (c), &c., will still he ap- 
plicable. For instance, with three intervals, we shall have — 
S.=JM,N, fi,=iM,N, S,=JM^ 

Formula (a) then gives the values of the three constants, and since 
S=Mn, formula (78) becomes — 

M=A+— sin i(«fl)[B, sin (lO)-l-C, cos (a;ff)l 

which express the mean valne M of the ordinate within any interval n. 
To illustrate this, let us take the corrected mean temperatures at New 
Haven (Transactions of the Connecticut Academy, Vol. I, p. 233) for 
intervals of four months : 

January to April M,=34o. 35 Fahr. 

May to August M,=66o. 84 

September to December M,=46o. 15 

To obt«n from these an equation for the series of daily meaus, we have 
1^=366^, and consequently — 

8,=4182, S,=8138, S.=5619 

Formula (a) then gives — 

A=49.11, B,=9S8, , C,=2493 

and (78) gives— 

M=49.11+2670^^^siu^(«fl)6in(«fl+68O58') 

This equation expresses the mean temperature of any interval of n 
days. The angle is — 

<Jo5^ 
If we also take n=l, the equation of daily means is found to be^ 

M=49. 11+22.91 sin (x0+6&^m') 
The origin of co-ordinates is at the middle of the year. 
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BSrOBT eiT THR TRAK8ACTI0VB OF TBS SOCIBTI OF FBTSICS ANB KATrBAL 
fll8T0BT,«I' eiNBTA, FBOH JVKB, ISIO, TO IMS, 1811. 



By M. Hkniu db StvsaoRE, President. 



[TraosUtod for tli« SmitluoiilAD Iuatitnti«o.] 

, The year which bus just i>a3sed baa been marked by ereuts which 
have left but little time for the peaceful occupations of science. The 
war barst upon us almost at the moment that our scientific year com- 
menced, aud we can hardly yet 8ay that it has terminated. If Switzer- 
land has not been oppressed by belligerent armies, she has, neverthe- 
leas, been obliged to play an active part in the duties which her 
neutrality imposes upon her, and there are few present who during 
t^is sad period have not been in one way or another diverted from their 
regnlar occnpations. Several members of the society have not hesitated 
to make the sacrifice of their precious time to works of charity which 
the evils of war have rendered every day more indispensable ; in fact 
no one has been able to escape the preoccupations occasioned by the 
important events which have transpired in a neighboring theater of our 
froutier. 

On this account the convocation of the scientific congress, announced 
for the second half of the year 1870, has been countermanded. The 
Helvetic Society of Natural Sciences, convoked at Frauenfeld fqr the 
month of August, has not been able to assemble, and a geological con- 
gress, organized at Geneva under the superintendence of MM. Favre, 
fatber and son, and of M. F. J. Pictet de la Hive, has been obliaKd to 
be postponed to some other time. We can therefore scarcely be sur- 
prised that our society should itself be somewhat affected by the exte- 
rior agitations, and that the meetings should have been less frequented 
than in <H^inary times. 

If, however, the catastrophes to which I hare allnded, have some- 
what diminished the activity of our members, they have procured us, 
by a kind of compensation, the inappreciable advantage of havingseated 
among us a number of foreign savants, who, exiled from their homes 
tJirongh the vicissitudes of war, have found in the shelter of our neu- 
trality a refuge both peaceful and hospitable. In attending our meet- 
ings, and in favoring us with their communications, they have cast upon 
oar reunions a luster of which onr recordswill preserve the remembrance. 
These savants were M. M. Begnaoit, of the Institute, and M. P. Gap, of 
the ▲cademy of Medicine at Paris ; M. le Professor F^ of Strasburg ; 
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and M. Ga^D^e, of Chateaadao. The iassidaity with which these gentle- 
men have associated themselves with as in oar labors, the desire which 
4hey have manifested tocontiooe with nsin relations in whichtheintraest 
of the society has been so largely increased, has induced as to confer open 
them the title of honorary members; and your preaident before reman- 
ing his place to his successor had the pleasure of expressing to them 
the faithful interpretation of our sentiments. 

To the names of the savants whom I have just mentioned, I must add 
those of several gentlemen who have sojourned with us only a short 
time, particularly M, Bigot and M. Dnperrey, who have only appeared 
at onr meetings at brief intervals. Lastly, we have welcomed in our 
city our emeritus member, M. Dnmas, perpetnal secretary of the Acad-- 
emy of Sciences, whom we delight to claim as one of ourselves ; for 
none of you can forget that it was at Geneva that M. Dnmas published 
his first works, and that be stands to-day among the elders of our soci- 
ety of physics. 

It is very seldom, gentlemen, that a year passes without our being 
called upon to monrn the departure of one of onr colleagues. To-day 
we have to lament the death of a highly esteemed $avant, who was 
admitted into our ranks only a few short months ago. Dr. AngustOB 
Waller was bom, in 1816, at Elverton, near Perusham, in the county of 
Kent, England. He pursued the study of medicine in France, and 
received in 1S40 a diploma of doctor of medicine from the facolty of 
Paris. He then returned to England and established himself at Ken- 
sington, where he practiced medicine for several years. Bat the ordi- 
nary occupation of the physiciaa was not sufficient to satisfy hia inves- 
tigating spirit, and he ^ways found time to devote himself to scientiflc 
researches in the domain of anatomy and physiolbgy. His principal 
investigations were directed to the nervous system, which did not foil 
to lead to important discoveries, and some well-known ex)>erimeot8 
whiA he made in London upon the degeneracy which the nerves and 
the nervous center undergo, obtained for him the title of member of 
the Boyal Society, and the grand prize of physiology from the Academy 
of ^iences at Paris. Xot finding in London all the facilities necessaiy 
to his researches, be resolved to change his residence, and did not hesi- 
tate to sacrifice to his studies a practice which had become extensive. 
He removed with his family to Bonn, where he had full leisure to con- 
tinue his physiological and microscopical inveatigations upon the ner- 
vous system. 

The researches which he made in physiology, either alone or in ool- 
laboratioD with Professor Budge, entitled him to more hooorable dis- 
tinction on the part of the Academy of Sciences at Paris. He obtained 
for the second time the great prize of physiology on account of bis dis- 
coveries relative to the functions of the great sympathetic nerve, and to 
the influence of the spinal marrow upon the pupil. From Bonn, Waller 
repaired to Paris, and after having labored tor several yeara in the 
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laboratory of Flonrens, he was called to BirmiDgliaiD to ocoapy a cbair 
of pbyeiology and a position as physician to the hospital of that city. 
He even then felt the first symptoms of the diseases which subsequently 
carried bim off, and was obliged to give ap some of bis labors on account 
of his failing health. He nest removed to Switzerland, and after having 
lived in the Canton Vaod for several years, he came in 1868 to reside in 
Geneva. 

AltboQgh Waller bad been obliged to abandon his regnlar labors, his 
mind, anDsually active and ingeuions, eonld not remain idle, and he 
never entirely ceased to occupy himself with interesting qnestions in. 
physiology and medicine. At Geneva, his health having Improved, he 
devoted himself anew to medical practice, to which he was always much 
attached, and bis large experience in that line rendered him especially 
eminent. In 1869 he was received as a member of onr society. The 
sane year be had the honor of being invited to deliver the Groonian 
tectare to the Boyal Society of London, and for that pilrpose repaired 
to England. His health, vhich appeared to be confirmed, was not 
established. He had snffered several severe attacks of qaiiisy, a malady 
which suddenly terminated his existence on the 18th of September, 1870, 
at the age of fifty-five years. 

It woDld take too much time to analyze all the labors of oar lamented 
associate ; we shall limit ourselves to a short summary of those which 
have excited the most interest in the scientific world, particalarly his ■ 
work apon the degeneracy of the nerves. The nerves wliich are 
distributed through different parts of the body are, we know, composed 
of different fibers, intermixed with each other— those which call into 
action motive-power, and those which convey impressions of sensibility. 
At their origin, thai is to say at their point of emergence, ttom the 
spinal marrow, the motor nervous fibers are separated firom the sensitive 
nervous fibers ; the former conatitating the anterior roots and the latter 
the posterior. After having demonstrated by experiment that when a 
complex nerve is cut, the outer segment, suddenly arrested, withers and 
degenerates, while the central segment, remaining in communication 
with the nervous center, continues unchanged, Waller studied the 
degeneration of the nerves taken at their origin. Beginning at the 
nervous roots, he proved that the nervous center, which maintains 
intact the nervous fibers of tbe anterior roots, is seated in the spinal 
marrow itself, while tbe nervous center, which continues intact the 
nervous fibers of the posterior roots, is situated in the intervertebral 
ganglion, united to their posterior roots. It was by means of sec- 
tions of these roots taken at different distances, that Waller made 
these important discoveries, tbe application of which immediately 
occurred to him. The changes which take place in the structure of a 
nerve after the cutting are so evident that the experimenter can avail 
himself of it as a means of tracing the distribution of their fibers in tbe 
different tissues. It is in this way that he succeeded in perceiving tbe 
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tenuioatioDS or ends of the nerves in the tongue, a study which be mode 
for the most part Dpon the tongue of a living fjrog. This new method 
of JDvestigation in regard to the nervons Byatem, which obtained for 
Waller the prize of physiology from the Academy of Sciences at Paris, 
has been of great service. lu order to give a just idea of its merits we 
shall quote the words of Professor Valpian, who in his Oonise of 
Physiology of the Nervous System, describes with care this method, to 
which he proposes to give the name of the Wallerian method. After hav- 
ing given numerous examples from the ezpertments we have already 
cited, U. Vulpian adds : "To this day we have not deduced from this 
method all the results which it is able to furnish ; but Booner or later 
we will institute some special researches, taking it as our point of de- 
parture, and without donbt we shall discover important and valuable 
troths in regard to anatomical physiology." An important discovery of 
Waller is that of the exudation of the white globnles of the blood 
lirom their vessels. The memoir which be published upon this sub- 
ject in 1S46 had been forgotten, when Cohuhcim and other microsco- 
piste rediscovered the facts in 1867, and from them deduced a new 
theory in regard to inflammation. M. Strieker, of Vienna, in ao inta- 
esting article which appeared in 1869, awarded to Waller all the bonce 
of the priority of this discovery. We have confined ourselves 
to the analysis of the works of Waller, and for more ample in- 
formation we refer the reader to the list of his pablications. It will 
sufBce to give at least an approximation of the extent of the 
researches of this eminent man's investigations, all of which bear the 
stamp of true originality. 

Waller had, indeed, a mind essentially ingenious. The experimests 
which be devised, the subsequent operations be employed, tJie new 
methods he put In practice, all, to the minutest details, exhibit the chai 
acteristics of an eminently inventive genius. He also possessed the very 
valuable trait of never allowing himself to be carried away by hypotheses. 
Whatever opinions he advanced, be desired to prove mathematically- 
As long as there remained any doubt on his mind, he would have recourse 
to new experiments and imagine new methods by which it might be 
removed. His talent for exposition was remarkable, as we all know by 
experience in listening to the communications he made to our society. 
In him science has lost a man of rare merit, while Geneva was only too 
happy to include him among her residents. 

Haying rendered all due respect to the memory of our lamented col- 
league, I will give a rapid sketch of the labors of the society, ia accord- 
ance with the plan adopted for the report of each year. 

PnrSICAL SCONCES. 

It is principally in this domain of science that we have listened 
to the most numerous lectures^ partly because the stranger savants who 
have visited us were principally physicists, partly becaase of the 
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aoeidintal nbsonoe of onr. excellent eoUeaguey M. E. Claparede, alxvayg 
rich in commnaicatioDS on otber subjevta of a. character to iuterest the 
soci^. UufortaDately the oonditioo of ' his healUi this winter caueeB 
Q8 the greatest anxiety. 

General Dufour bus giren a anmrnarir of the resnlts of the exper- 
iments npon which he haa been engaged for some time in reganl to the 
relative movement of material points, a question which is of interest to 
generic astronomy. 1. In atudyiu^ tbe movement of two stars around 
a supposed fixed point, it is demonstrated by observation that this point 
most be in motion. 2, The curve being plane, and the stars remain- 
ing in the same plane daring their translation, it may therefore bb cod- 
eluded that the stars have all received an impulse resnlting in a parallel 
movemeat. 3. The movement of tbe apsides proves that tbe center of 
gravity of the system is displaced, not followiug a straight line, but de- 
aeribing a carved one. 

Professor Emile Flantamonr has made this year, as formerly, a 
sojourn amoug the monntains, la order to determine the astronomical 
oo-ordiuates of the different stations of Switzerland. The Simplon was 
the place he selected for bis operations in 1870. The latitude of thie 
station, as derived from his observations, is 40° 14' 69".4, with a pos- 
sible error of a quarter of a second. 

The annsnally cold winter which we have experienced has natnrally 
attracted tbeattention of meteorologists, and Al. Plantamoar, according 
to hiscustom, has given some results deduced from the compared oonrse 
of tbe tem[>erAture of different years. The months of December and 
January of this winter have showu a mean temperature of 2°.45. This 
period of the winter is very similar to that of the winter of 1837-'3S, of 
which tbe mean temperature was — 2°.3; but the winter of 1829, 
the remembrance of which is still traditional throughont tbe country, 
was colder still, as in December and January, the mean temperature 
was 4°. 7. 

Colonel E. Gantier has pre8ent«d frequent communications rela- 
tive to the constitution of the sun. In a paper read at the April 
meeting be gave an account of an important memoir from Professor L. 
Besptgbi, director of the observatory of the capitol, npon some spectre- 
scopical observations continued for fourteen months, and which have 
been made principally with reference to the protuberances of the edges 
of the sun. The author infers from his observations that the sun must 
have an exterior lit^uid envelope, compressing tbe overheated gases 
in its interior. These gases at times force themselves through the 
envelope, and occasion formidable eruptioos; after which tbey disperse 
and combine with tbe elements of tbe surface of the sun. In consequence 
of these combinations, obscure points appear which in agglomerating form 
tbe spots on the disk of the sun. Tbese masses float at tbe surface of the 
iucandescent globe as dross a result arrjved at by M. Gautier several. 
■ years ago in trying to re-establish tbe theory of Qallileo, and of Simon 
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Marios. The paper of M. Oaatier has been iDserted in the Archives 
of Science 1871, volume XLI, page 27. He has coDtioaed to keep qb 
informed in regard to important disooveriea made in the domain of gen- 
eral astronomy. 

Professor Gell^tier presented a paper apon the molecalar eoBstitatioa 
of gas. Aocording to modern hyxwthesis, gases are composed of mole- 
cules, endowed with a movement of translation in every direction, and 
freed daring the mtyor part of the doratiou of this movement, from all 
mutual action, this action only revealing itself by shocks. Whatever 
be the nature of the latter, their consequences, according tothe general 
laws of mechanics, can only be similar to those which are produced by 
the shock of two perfectly elastic bodies. The movement after the 
shock depends either upon the direction of the movement before the 
shock, or, apon fortuitons circamstances, such as the direction of the 
plane of the shock. If we admit that, dnring a certain time, the di- 
rection of this plane is always parallel to one or the other of the 
three rectangular planes, theresalt must be that the diffusion of the densi- 
ties, in all the masses would occur immediately, contrary to alt experience. 
It would be the same for an infinity of otherdirections of the plane of tbe 
shock. M. Cell^rier has therefore concluded that the theory of gases 
which Claasius and other physicists have proposed* is not absolutely 
admissible, at least under this simple form. This oommnuication has 
given rise to some observations by A. de la Bive, upon tbe impossi- 
bility of doing without the intervention of ether, in explaining 
the phenomena which the gases present. 

Our compatriot, M. Dnperrey, for a number of years professor at 
Paris, has taken advantage of a sojourn at Geneva, to lay before the so- 
ciety some researches which he has undertaken, to find a simple and 
practical relation between tbe temperature and the maximum tension 
of steam. He has obtained the following result, remarkable for its sim- 
plicity, that this tension represented in kilogrammes by square, centi- 
meters, is nearly exactly equal to the foorth power of the temperature* 

M. Serra Carpi, a Roman engineer, in passing through Geneva, has 
given some details relative to the variation of the mean temperature at dif- 
ferent heights, a snbject treated in a pamphlet, of which he has given 
to the society a copy. Professor Marcet, in a letter addressed from 
London to M. de la Bive, has given an account of the last observations 
of Dr. Carpenter upon the waters of the Mediterranean. These observa- 
tions were extended to a depth of 3,000 meters. At this depth the 
wateristnrbulent,andcontainsagreatqnantityof dissolved gas. Theden- 
sity changes from 10O.2? at the surface, to 10O.29 at 2,000 meters, and to 
100.28 at 3,000 meters of depth. The denser water rests therefore npoo 
water less dense ; this singular foct can be explained by currents, of 
which Dr. Carpenter has without doubt confirmed the existence. 
" In the domain of physics, Professor Begnaolt has presented to tbe 
society an important communication, which occupied an entire meeting. 
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This distinguished academiciaD ^ve his views as to the manner of an- 
deistaodtng and studying meteorology, also as to the best form to be 
adopted for the instmments which are employed in this branch of science. ^ 
He thinks that meteorology should be considered less as a dependenco 
of astronomy, than as auxiliary to physiology, since it assists especially 
in det«rminiDg the isothermal lines, and its principal object is to give 
account of the physical circumstances which favor or retard the develop- 
ment of organized beings. A» to the instruments, be is in favor of 
simj>lifying them in order to render them accessible to the greatest 
number of people. He proposes particularly to attach to barometers 
and thermometers pbotograpbical registering apparatas moving by 
dock-work, which will record withoat trouble the variations of these 
instntmeDts and enable as to read them with perfect exactness. Instru- 
ments constructed npon this model would be of great assistance in the 
researches within the domain of physiology, botany, agriculture, etc 
The phenomena relative to the aurora borealis have been, as in the 
past, the object of different communications from Professor A. de 
la Bive, who continues to keep the society informed upou this subject. 
The same member has given an account of the important researches 
which he has made in regard to the rotatory magnetic power of liquids. 
After having devised the apparatus he employed, and the new methods 
he bad adopted to avoid as much as possible all sources of error, be has 
studied successively difltereot liquids in order to determine their 
magnetic rotatory power, such in particular as sulphurous acid^wbich 
had not previously t>een submitted to this kind of experiment, different 
mitxures of solutions, and a certain number of isomeric bodies of which 
none presented the same magneto-rotatory power. The influence of 
temperature has also been analyzed with care, and it has been to prove 
tliat it ten<ls to diminish this power, which is evidently due to the man- 
ner in which the particles are grouped. M. d^ la Bive bas also presented 
in concert with M. Edward Sarasin, a work which they have made to- 
gether on the action of magnetism upon rarefied gases traversed by 
discharges of electricity. Inoperatingsuccessivelyuponatmosphericair, 
upon carbonic acid gas, and upon hydrogen, these two physicists have 
found that the magnetism produces in the portion of gas directly 
traversed by the discharge an increase of density, and besides an aug- 
mentation or a diminution of resistance to the conductibility according 
as the electrical jet is directed equatorially or axially between the poles 
of the electromagnet. These augmentations and diminutions vary with 
each gas. They arenothingin certain positions ofthejetwithreference to 
the magnet, and are probably due, when they manifest themselves, to 
the perturbation caused by the action of magnetism in the disposition 
which the gaseous jiartiules affect when they propagate electricity. 
(These two memoirs are inserted in the archives.) M. L. Soret read a 
memoir Ufton the polarization of light by water, as studied upon that 
of different lakes, upon sea- water and upon snow-water. He shows thaf 
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tlie pheDomeiion is more iDteoae whea the water is cte£u«at, anA that tiie 
polarisation tAkea place for all parts of the spectrum equally. Dis- 
tivlied or mnddy waters give do polarizatiot). Tbe same physicist bas 
'also given an account of some experiments be has made iu order to verify 
tbe results o^tained by M. Gbristianaea ajid by M. Knudt, npon tbe ab- 
normal dispersion of tbe light of bodies of saperlicial colors. The two 
works which i have mentioned have been published in the Archives of 
Science, and I refer you to them. M. Baoul Pictet has presented a paiiec 
on the resistance a body experiences in its motion through tbe air, with a 
uniform velocity. It would be difficult to give an analysis of it in a few 
words. This resistance is expressed by the formula B ^= Kv', which is 
indicated by calculation, and experiioeutaily verified. 

The same savant has repeated, at tlie meetings of the society, var- 
ious experiments, having lor their object to show the emissive and 
absorbent powers of ice for heat, and the influence which they exercise 
upon its formation and its fusion. In order to prove experimeots^Iy 
tbe radiant power of ice for black heat, M. Pictet has made a piece of 
ice contract rapidly by the action of this radiancy, in immersing it 
at the level of the surface of water at 0^, and in exposing it to the 
air nndw a serene sky. From another side he has shown that ice is 
almost entirely diatfaermal for luminous heat, and altogether diathennal 
for black heat. In projectiog a ray of luminous heat through a block of 
ice iuclosing specks of foreign bodies there is formed around each corpus- 
cle a drop of-water, resulting from tbe absorption of the black heat v>'hicb 
the-se bodies radiate ander the luminous rays; and when these foreign 
bodies are sufficiently numerous the ice is disintegnited through its 
entire depth, and is melted. If, on tbe contrary, a ray of black heat is 
projected upon the block of ice, as this does not penetrate into the sub- 
stance of the ice, it produces a fusion of the superficial stratum only, 
and does not aSect the interior parts. 

Professor Marignac has communicated to us the resnlt of his researches 
npon the specific heat of saline solutions. (Inserted in the Archives, 
vol. XXXIX, page 217.) 

M. Morin read a memoir upon tbe azotized substances foond in tbe 
embryos of herbivorons animals, and especially in their eggs. 

Our emeritus member, M. Dumas, has laid before the society various 
important questions, which were discussed by the Academy of Sciences 
at Paris during the siege of that capital. The necessity of having re- 
course to balloons for carrying on correspondence led to various improve- 
ments in the art of aeronautics. It was necessary, on account of economy, 
to construct the balloons of cotton material, tind in order to render this 
impermeable, a varnish of India rubber was used. But M. Dumas showed 
that India rubber is permeable to gas, and proposed to superimpose on it 
some substances soluble in water, especially gelatine. By superpoaiug 
the two substances, a varnish was obtained impermeable both to gas 
. and the moisture of tbe air. It was also observed that it was best to 
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launch tbe baltoooa about 3 or 4 o'clock in the mornitig, beoftnae at that 
hour they were covered with dew, of which the gradaal evaporucioo 
lif;htened them dariog the tnoruiu^ boars, and allowed them to luaiataia 
the BEiue height without it being nei^ssary lo throw oat ballast. Na- 
merous trials, whieb seem to have some success, have been made ia 
regard to directing balloons, but have not yet been completed. 

The scarcity of food has indaced many persons attempt to imitate the 
elements of first necessity, and M. Dumas has read on this sabject a me- 
moir in which he proves the impossibility of prodncitig milk artitlcitdly. 
Ute fobricatioo of this substance has Iwen t^neotly attempted and 
has been practiced upon a groat scale, but tbe arttflcitU milk can never 
take the place of thenataraluilk,forthe latterexhibtts an incontestable 
organic structure which cannot bo reproduced chemically ; the iat cor* 
pnscles are enveloped in a pellicle, which prevents ether from dis- 
solving them. We find these globules with th^ir pellicle even in the 
milk extracted from the lacteal vessels at the moment whcu the secre- 
tion of the glands takes place, which proves that they have a physio- 
logical origin. M. P. Gap, who we all know has been remarkably aesid- 
nous at our meetings, has read two [>aper3 couceruiug the history of 
chemistry- The nnmcrons historic notices which proceed from the pen 
of this author are so well known to those who follow the progress of 
science, that it is hardly necessary to mention bow peculiarly well qual- 
ified be is to treat these subjects. In bis memoir npoa the discovery of 
oxygen he has proved that this body was in the first place disoovared 
by Bayat, a French chemist, fallen unjustly into oblivion, and that tbe 
work of Priestley and of Scheele is confined to making known Che 
properties of oxygen, as well as those of its compounds. But Lavoi- 
sier's eminently generalizing mind gave to this discovery ite true import- 
ance, and deduced Ihim it its now recognized relatious tt> the nomen- 
clature and the science of chemical combinations. M. Cap has also 
given an account of the discovery of ioiline by Bernard Courtois, in 
which he particularly dwells upon tbe first phases of this discovery, 
and upon the biography of its author. These notices have appeared in 
the Journal of Pharmacy, so it is not necessary finr usto speak of thom 
further. 

NATUBAL SCIENCES. 

Oeoloffy. — ^Professor Alphonse de Candolle has examined the ques- 
tion whethet in case the flora wbioh exists should be reduced to a fossil 
state, we would be able to discover any characteristic which would 
determine in a precise manner the gec^gical age of the strata in which 
it occurs. Now, he has proved that there is no sach general char- 
acteristic among the phmterogamoM plants which are now foond at 
the surface of tbe earth, and it is not probable there exists any among 
the cryptogamous plants, it has probaUy been tbe same at alt otbtt 
epoishs, and consequently the similarity between two goologioal strata, 
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titoated in different parts of the earth, does not prove tiiem to be of (be 
aame age. The term geological epooh, which always implies Bome dis- 
tioctioa IB the flora and in the fjanna, Id refiUBnoe to other epochs, 
is, therefore, not adapted to the scientific signification for which it 
is intended. The above-mentioned idea is being more and more intro- 
daced into sdence. 

Frofesaeor D. Gotiadon has placed before the sooiety some beanti- 
fbl photographs, which represent cattings of the earth npon the hill of 
Genera, executed npon the TranchSes, a bill which is b^eved to be a 
product of the ancient allavion of the river Arve. He pnblished in 
1870, in the Archives, (voL YXXIX, page 199,) an extended notice opoa 
this subject, and also drew attention to the study of the terraces of the 
soutbem shore of Lake Uman. 

M. Ernest Favre has presented an interesting oommnnication on tfa« 
geology of the monntuus of the region sonthwest of the canton of 
Fribourg, composing the chain of the Kivemont, the Hot^son, the 
Yerreaux, and that of Saint Gray; he compared the Btrnctnre of this 
solid mass with similar formations, which hare been observed in the 
Tyrol and in the Oarpathes. (This has appeared in the Archives.) 

Finally Professor Thory has measured the thickness of the section 
of the glacier of the Oldenhom, Booh as it presents from the lake of 
lUi^to. He estimates it at 45 meters, and has counted from 70 to 80 
horizontal strata, each one having a thickness of abont 60 decimet«r8> 

Botany, — Since the works of Darwin have attracted the attention of 
natur^ists to the question of the origin of organic speties, their descent 
and their affliatiouB, the manner of distribution of these spei^es over 
the surface of the globe, which has great interest on the bearing of tfaie 
question, has been studied with more attention than in the past, and is 
becoming every day the object of new and important researches. H de 
Oandolle has shown that botanists have found in the flora of tbe 
Fortunate Islands hardly any plant similar to the western coast of 
Afiica, while they contain a large number in common with those of 
Europe. This fact would indicate that the islands iit question have been 
formerly united to Burope, by a teirestrial communication, while it 
se«us to have always remained separated from Africa. It is true we 
are by no means certain of the flora of the high mountains of Maroc, 
vrhich throws some doobt upon the conclusions we would be inclined to 
infer fh>m the above observations. 

Dr. MUlIer contributed an article, accompanied with drawings, upon a 
. new spedesofhairdiscovered npon two Asiatic pUmteoftbeoombretacionB 
femily. These hairs have the general appearance of scales or the platesof 
a shield, but instead of exhibiting a disk formed of numerous celts en- 
tirely radial, they are formed of a regular net-work of cells, which is 
only one cell in thickness, like the ordinary leaf of mosses. Dr. Mfillsr 
described these cnrions scales and proposed to give the name of L^pidt 
ritimaio. 

Digit zed by Google 
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PtofesBor F6e, of Strasburg, read a memoir open tbe determination 
of plants meodoaecl by tbe ancients; in wbicti heshowsespecially hov 
exoessively difficnlt it is to arrive at a snfflciently de&nit« determina- 
tioa whicb would eoable ns with any degree of accuracy to apply the 
old DomeDclatore to tbe new. A recent work by M. Babaoi, for from 
settling tbe inberaot difficalties of tbis question only fainished a new 
^oof of its complexity. 

ZOOLOGT iND*PHTSIOLOGX. 

Among the strangers who have attended our sessions, Messrs. 6n6n^ 
and Bigot have for eeveral months given tbeir time to tbe arrangement 
of tbe entomological collections of our maseum ; especially tbe first of 
these gentlemen, who for six montlis has been at work in onr labora- 
tories. Mr, Bigot has classified the JMptera and M. Ou^n^ tbe Xept- 
iopiera. As tbe collections toe about to be removed to tbe new 
academic bnildings, where they will be properly exhibited, such a classi- 
fteation, by competent men, is of great importance. 

M, On£n4« discovered in onr cases sev^ul new speoies of Papilio and 
allied, genera; fdao a Bombici^ which exhibits a very remarkable 
case of hermapbrodism ; in this tbe organs of the two sexes, instead of 
being localized, are mingled and distribated throngh nearly all parts of 
the body, Tbe article on tbis subject by M. Ou£n^ will be inserted in 
onr memoirs. 

M. CtaparMe has atndied tbe cysts of a ftSra sent to him by M. Lunel. 
Tbe muscles of this fish inclosed varions cysts, most of wbicb contained 
a liquid greatly resembling milk, bi one of tjiem was a cheesy, whitish 
sobstance, evidently produced by the metamorphosis of a lacteoua liquid, 
similar to that in the other cysts, bnt the more finid elements of whicb 
. had been re-absorbed. The constituent elements of these cysts were 
psoroepermies, resembling each other, and composed of a head of len- 
ticular form, and a tail donble from its base. With these psorospermiea 
there was always found a granular protoplasm, at whose expense the 
psorospermies were developed. These foots have been observed before, 
bnt what was especially remarkable in the f^ra in question was the 
presence of other cysts in the mucus of the gills, but with psoroaper- 
mies very different, and much smaller, having a diameter of only one- 
fourth to one-tenth of a millimeter. Their abnudauoe gives to the entire 
bronchial apparatus a grayish tint. These psotosphermies were not 
lenticular, but perfectly spherical, and withont a tail, each inclosing a 
q>hei:icBl kernel, very refracting, and some small grains, M. ClaparMe 
thinks there must be a generic connection between the small cysts of 
tbe gills and tbe large cysts of the muscles. However, no observations 
have tui yet confirmed this hypothesis. Upon one of the arches of the 
gills was a cyst of about a millimeter in size, of which the contour was 
very different from the other gill-cysts, and resembled somewhat those 
of the muscular cysts. These psorospermies are distingoished finin 
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those of the large cysts by their shorter taila However, with a great 
many of them the tail was bifurcated at the end. Prof. Olapamle 
also exhibited the plates of a new work upou the histology ofAnnSliiUi, 
and lias given some details as to the process he employs for the arrange- 
ment and preservation of his preparations. 

M. Herman Fol read before the society a long and important memoir 
npon the Appeudieulaireg, a family belonging to the class of Twiicieri 
It couBrms tbo near relation Cliat several authors have established be- 
tween these animals and vertebrates, and proposes to place them at 
the base of the genealogical tree of the latter. M. Fol has beeu made a 
member of our society on accoant of this work, which will be printed 
iu Volume XX of our memoirs. 

M. Godfrey Lunel has given some interesting facts observed at Ge- 
neva relative to the metamorphoses of the Axol^ites. We know that 
these batracians are transformed sometimes by the loss of their broii- 
chia, and, from being aquatic, as they generally are, they become pul- 
monary animals, living in free air. Several Axoloteg, placed in runumg 
water, did not experience any change; while of two others, left in a 
washbasin, badly cared-for and exposed to the cold, one died, and the 
other was transformed by the loss of its bronchia; but, after haviDg 
been replaced in a normal condition, it re-assumed its first form to 
perfectly as not to be distinguished. This fact, which constitutes a sec- 
ond transformation in a retrograde direction, is entirely new. 

Dr. J. L. Provost has given an acconnt of experiments relative 
b» the mode of action of anesthetics and of chloroform upon the ner- 
vous center, and be has obtained results contrary to those of M. 01 
Bernard, This physiologist states that the chloroform, in acting np- 
on the brain, aQecte not only that organ, but acts also, at a distance, 
upon the spinal marrow, without being in contact with it. M. Provost 
has re[>eated the principal experiments of M. Bernard, which consist 
in stopping the circulation in frogs, by placing a bandage below the 
shoulders, then iiyectlng diluted chloroform into one set below the skin 
of the anterior cut, and into the otltec below the iskin of the posterior 
cut. In varying the position of the frogs, M. Provost, after trial, 
has found that chloroform introduced in the posterior part can, 
contrary to the opinion of M. Bernard, aniesthetize the anterior ptkrt 
when the fivg is placed with the posterior members in the air, while 
the chloroform introduced io the anterior part does not anesthetize the 
posterior part if we aie careful to place the frog with the head down- 
ward. He thinks that M. Bernard has not been sufficiently careful to 
guard against the filtration of the chloroform through the tissues. 

M. Pr6vo8t,in applying pure chloroform to the denuded brain of 
a frog, of which the aorta was tied, and placed in the position above 
indicated, has ansastbetize the head only of the animal, leaving intact the 
functions of the spinal marrow. Afterward, when be has untied 
the aorta, these frogs have returned U> their normal state, which proves 
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thnt the chloroform acts Id this experiment aimply as an aosestbetic, 
and not as a caustic, which destroyed the brain, leaving the fh)g in the 
state of a headless animal. From these experiments M. Provost has 
come to the conclnsion that chloroform anesthetizes in the nervoas cen- 
ter only the parts with which it is directly in contact, and that it does 
not act at a distance, as M. Bernard believed. 

U. Brown-9eqaard has prodaced some phenomena of epilepsy upon 
Guinea pigs by means of hemisections of the marrow or of the 
section of a sciatic nerve. Dr. Provost has obtained the same 
phenomena by the amputation of a thigh of one of these animals. In 
order to provoke a nervons attack it is safflcient to excite the zone 
called epileptic, which comprises the half of the surface corresponding 
to die member amputated, and immediately the animal is thrown into 
oonvalsions. The excitability of this zone decreases, however, with the 
continoBtion of the experiment, and it is always more ditDcult to pro- 
voke a new crisis. The stndy of this artificial epilepsy will, without 
doobt, throw some light upon the kind and nature of natural epilepsy. 



Dr. Zjombaid has been investigating for several years the climate 
of mountains, a subject which more .than any other ought to interest 
the physicians of Switzerland. His later researches are directed to the 
effect which these climates exercise upon pulmonary phthisis, aquestion 
which he had been appointed to investigate by the commission estab- 
Ibhed at Samaden, for the purpose of its elucidation. He estimated 
that a residence in high altitudes would prevent the development of 
the phthisis, and even cure it, either in developing the i>almonary em- 
physema, or by favoring the functional periphery activity. (The work 
' of M. IJombard has appeared in the Medical Bulletin of Switzerland.) 
Finally, M. Alphonse de Candolle read a notice which liUewise de- 
serves to be registered in the medical rubric. It is, in lact, an appli- 
cation to this science of the Darwinian principles deduced from natural 
history, iuasmnch as it treats of an effect of selections rendering variable 
the intensity of maladies when they are very deadly. According to the 
anthor, when a disease has severely attacked that portion of the popula- 
tion not advanced in years, the following generation, descending Irom 
persons not disposed to take this disease, will also be in the same 
condition by an ordinary effect of the hereditary law. There is, there- 
fore, a reason for the diminution of the epidemic. We can likewise 
explain why its attacks are most severe the first time it appears among 
a population, and why it afterward becomes rare or less fetal, wtiich 
has been the case with most of the diseases of this kind. At the end 
of several generations, however, a population moderately attacked by 
a disease resembles the condition of a population who have never bad 
it, and the result la a double intensity. Applying these principles to 
the emall-pox, M. de Candolle estimated that at the time when Jenner 
23 8 71 ' ^-^OOjiW 
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introduced vnccine, the variolic affection was weakened relative to the 
anterior epoch. Vaccine ought, therefore, to he as mach more effica- 
cioas when it is applied in a similar condition. Small-poz having 
nearly disappeared in Europe, during two generations a new population 
spears less exempted from its attacks, and this cause of receptibility 
oagbt to-day to render vaccine less eGBcacioop. The author does not 
pretend to say that this is the only acting cause, bat be thinks that, 
independently of others, it exists as aioecessity, and that it ought to be 
taken into account. 

In giving a concise account of the labors of the society I have omit- 
ted many communications of a less important character, serving as 
themes for those discourses with which our meetings generally terminate. 

These £amiUar conversatious, in which each one gives an account of 
his studies, and which are often succeeded by iDteresting discussions, con- 
tinue to occupy our meetings in the most aseful and agreeable manner. 
They not only maintain between the members an intimaterelation which 
we sM. appreciate, but likewise establish a sort of oral bulletin of the 
most recent discoveries, allowing each one to follow in a general man- 
ner the progress of science outside of his own specialty. 

ISTERNAL ADMINISTRATION. 

Having given a summary of the papers presented at oar meetings, it 
only remains for me, gentlemen to give you a brief account of the in- 
terior transactions of the society. Col. £mile Gantier has been 
elected president for 1871-'72, and M. E. Sarasio has been confirmed in 
his position as secretary. 

If we have had the misfortune to lose one of our colleagues, we have 
also bad the satisfaction of gaining two new ordinary members in HM. 
Eaoul Pictet and Herman Fol, and we have likewise increased the list 
of our free associates by the addition of IIM. Georges Provost, H. P. 
E. Sarasin, J; L. Micheli, and H. Barbey. The number of our ordinary 
members, which, in 1867, was forty-one, to-day amounts to forty-nine, 
but the number of onr free associates, which at the same date waa 
forty members, has decreased to thirty -eight, inclading the admission ef 
several associates to the title of ordinary members. Ton have also 
nominated as honorary members, in addition, MM. R^gnault, F^, and 
Cap, who were mentioned above, Prof, de Notaris, of Genea, well 
known from fais works upon botany, and the director of the Smith- 
Boniau Institution, of Washington, Professor Joseph Henry. This 
savan has been associated with us a long time, in relations which we 
esteem infinitely precious, and assisted at one of onr meetings in 1870. 

As 'to our publications, they have followed their ordinary course. Hie 
Society of Physics pnblisheseachyear half a volume, whi<^ tJbey reserve 
as much as possible, on account of itssize, for the memoirs aooompanied 
with plates giving to the archives of science those which do not require ilhis. 
trations. It was in the year 1821 that the first numberof onr memoir^ ap- 
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peared, and we finisbed tbe twentietii volamein 1870. You have decided to 
make a geooral index of this series, in order to facilitate researches 
which will become every day more difficult to examine in proportion as 
the number of our volames are increased. This index, which will ap- 
pear at tbe same time as the present volnme, has been prepared by onr 
eolleagae, Alfred Le Fort, who very obligingly devoted bis time and 
labor to onr interests. I am commissioned, in tbe name of the society, 
to tender him oar sincere acknowledgments. 

The recapitulation of tbe material contained in our firet twenty vol- 
umes has shown that it includes in all three hundred and fifteen notices 
itnd memoirs, some of which constitute complete works. This publica- 
tion constitutes, therefore, an important collection, which can claim a 
most honorable place among the scientific transactions of Europe. 

Lastly, I will add that, although at an espouse somewhat exceeding 
the means of the society, the rich herbarinm, for which cor city is in- 
debted to the generosity of tbe family of DeLessert, has been placed in 
the botanical conservator}' prepared for that purpose, where It is now 
definitely arranged in such a manner that botanists may have free ac- 
cess to it. 

Before concluding this report, I desire, gentlemen, to communicate a 
circumstance which appears to me to have peculiar interest for us, as 
it refers to the origin of our society. In a preceding report, one of 
your presidents, Dr. Grosse, proposed at tbe fiftieth anniversary of 
tbe first scientific congress held at Geneva to give yon, with a talent 
yon all know how to appreciate, the history of the Society of Physics, 
of which bis father was one of tbe founders. In some researches to 
which I have devoted myself this winter, in order to find in tbe papers 
of my family some documents relative to tbe history of this society 
during the first years of its existence, I have found a piece which 
appears to me worthy of your. regard. It is a'lfitter of M. A. Pictet to 
toy grandfather, in which he announces the formation of the society and 
iocloses the names of its founders. I will give the most imjiortant part 
of the letter: 

" I am commissioned, my very dear colleague, to offer toyon, as likewise 
to yonrson Theodore and M. Keeker, membership of a society with which 
I have the honor of being connected. I delayed mentioning it to yon 
until I could send at the same time the rules, a copy of which I received 
yesterday. In reading them you will be informed of the obligations 
imposed, which I hope will not frighten you. I have already attended 
a meeting, and I assure yon that, by the interest with which it has 
inspired me, I judge it will prove a favorable and useful project for 
tbe progress of natoral science and the personal advantage of .the in- 
dividnals who compose this society. 
" Below are the actual members : • 

" M. M. OoUadon, Tollot, Oosse, Yanch^, Jnrinc, Gaudy de Russia, 
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Fiotet. Membbrs elected ananimously ; M. M. de Saussur^, father aai 
son, Necker de Saoasare, Sensbier, Tingrey. 

" Perhaps there are one or two others whom I have forgotten to men- 
tion, as I made this catalogae iVom memory. 

The nest meeting will be the first Thursday after the 15th, at M. 
Toilet's, and if yoa accept your election, as we all hope yon will, your 
membership dates from the present, as welt aa that of yoar son and M. 
iTecker, to whom I beg you to have the goodness to commnnicate the 
rules. 

" Accept the siucere attachment of your devoted servant sod colleague, 

"PICTET. 

" Geneva, Saturday, October 8, ITOl." 

This document refers, as we see, the definite constitutioti of the Society 
of Physics to the year 1791. It shows that it was composed first of 
twelve savants of Geneva, and that the original meetings were held oa 
Thursday, as in our days, though Iat€ly we have changed to Wednes- 
day. The limited number of its members continually increased, and we 
now have the satisfaction of seeing it sustained at a level which 
tends rather to rise than to fall. The coastmctlon of new 
academic buildings, in proportion to the new demands, is a speaking 
testimony of the increasing progress of the intellectual activity of oar 
city. The extensions which could be made in the library, the laboratories, 
and the museums would furnish a new element to this activity, and 
would not iail to contribute to the extension of the taste for science in 
which Geneva ought to occupy a position before the world snperior to 
that which would be assigned her, merely taking into consideration her 
population and the smallness of her territory. 

In conclnding, we will hope that the year, so franght with agitation, 
through which we have just passed may be succeeded by a period of 
calm, of repose, and of prosperity, iu which the peaceable occupations of 
science may take the place of the clamorous commotion with which we 
have been too long disturbed. Our society will then return to ita la- 
bors with new ardor, and more fully maintain the honorable positioo 
so long occupied by our country, through the memory of the men who 
have distinguished it, and of whom the traditions are well preserved 
wherever profound truth is cherished. 

Appendix to the report of fke president. 
EDWAKD CLArAB:^DE. 

Gentlemen: A few days after you had heard the reading of the 
rei>ort of your president upon the operations of the year 1870-71, we 
received the afiOicting intelligence of the death of our exoellent ool- 
leagne, M. Edward ClaparMe. In view of the deep and nnanimons 
regret which we all experience at the loss of one who ranked among 
the first savants of our city, we concluded it wonlrt be too long to wait 
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nntil next year's report for the teetimon; of eateem and affectioo in 
which yoQ all desire to unite, and we think it more snitablo to add to 
this year's report a notice which shall tcom this day recall the memory 
of Glapar^e. 

Edward OlaparMe, bom in 1832, .was fh>m an ancient family in 
Geneva. He commenced his stndies at the Academy of this city, where 
he was even then remarkable for his pre-eminent resources. En- 
dowed with a decided taste for natural sciences, he was the pnpil of 
Professor Pictet de la Bive, who, by his iastructioo, developed in bim 
a taste for zoology. In 1353 he went to the Uuiversity^ of Berlin, where he 
stodied with the distingnished Jean Miiller, who was not long in recog- 
nizing his merits, and of whom he became one of the best popils. 
Even while porsning his stadies, he composed several memoirs upon 
the inferior animals, one of which treats of the anatomy of Cpclo- 
Ktoma etegatts, which served him as a thesis for the doctorate. - It was 
also at this time that he commenced, in common with bis friend Lath- 
.man, a great work upon the Infusoria and the Rkyzopodia, which 
made a considerable advance in the science of these animals, and 
which obtained for him the great prize of physical science from the 
Institate of France. Made Doctor of Medicine in 1857, OlaparMe re- 
tnmed to Geneva, where he continned his labors with great assiduity, 
notwithstanding impaired health, and sufferings which would have dis- 
couraged almost anyone else. He was soon elected to a professorship, 
and displayed in his instruction the brilliant qualities which contribn- 
ted to increase the reputation of our Academy. He also gave several 
public lectnres, which always attracted a large andieoce, thanks to hia 
great erudition, and to the flaency of speech which gave to his instruc- 
tion an irresistible attraction. 

Although his tastes led bim to prefer the study of inferior animals, 
he was occupied with varioDS pubjecta, and we find in the memoirs of 
the Arckivet Se la BibUotAique Univeraelle numerous articles of bis upon 
different branches of science, in which he gave a r^sum^ of works in 
foreign langoages, also a number of analyses, as learned as varied, 
npon many sabjects, which added much to the value of the bulletin. 
Understanding nearly all the languages of Europe, he could give an 
account of a great many works entirely inaccessible to others, while his 
critical appreciation bore the mark of a true scienti&c genius. 

The desire to pursue hia researches upon marine animals induced 
CiaparMe to make numerous journeys to the sea-shore, and on each 
occasion he collected the materials for important investigations, the re- 
sults of which appeared either in Geneva, in the Memoirs of the Society 
of Physics, or in Germany, in theZeitschriftfiir wissenschaftlicheZootogie 
of Siebold and Kolliker, in the Archives of MUUer, &c. The class of 
AmiUdeB more particularly arrested his attention. Almost every 
year he made it the subject of some new publication, and finally devo- 
ted bis great work to the Annelidea of Naples, which, uDfortanataly, 
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was the last labor of hia life. There is, bowever, still aootber exten- 
sive work by him, not yet priutetl, which will appear, treating of the 
history of these aoimaU. 

Besides his study of marine animals, Clapar6de made at. Geneva very 
varied researches on other subjects. lie published memoirs upon bin- 
ocular vision, and nameroas works upon the embryoloRy of the Arthr- 
opodes. In 1860 the Society of the Sciences, of Utrecht, awarded him 
a gold medal for bis beautiful investigations relative to the evolution 
of the AranSides, which were followed by bis studies upon different 
crustaceons and acarioue animals, which include many new facts, and 
which are all important works in the progress of science. In feet, 
(Jlapar^de, always noted for the correctness of bis eye, ended by 
becoming an authority of the first order in all questions to be- deci- 
ded by the microscope, and in this respect he exercised throughout the 
entire world a well-merited authority. His eminent genius for obser- 
vation, the clearness of his judgment, which comprehended all diffi- 
culties, naturally led Clapar^e to the study of Darwinism, of which he 
became a decided defender, and in relation to which he published sev- 
eral remarkable articles. 

In reading the numerous and important works of Clapar&de, no oae 
would imagine the sad condition of his health. Afflicted with serious 
organic maladies, bis life was one long martyrdom. A violent disease vt 
the heart had, irom his earliest yontb, cansed great disturbance throngh 
the whole of his organism ; all exercise of any importance was inter- 
dicted ; frequent hfemoptysies brought him several times to the verge 
of the grave; suffering of varioos kinds rendered him incapable of 
work during long periods, and we can hardly comprehend bow, even in 
his best moments, he could devote himself to active research. His Ufa 
was sustained by a force of energy in his latter years, and by eAreme 
measures which no physician would have dared to advise. This condi- 
tion of health did not cease to be a cause of anxiety and sadness to bis 
friends. It prevented him from undertaking works of great length, oaA 
we can judge by what be has accomplished, notwithstanding so many 
difficulties, how much he might have done if he had been blessed with 
good or even moderate health. 

The necessity for a warm climate, as much as bis pawion for the sea- 
shore, induced ClaparMe, in 1866, to pass the winter at Naples. This 
sojourn agreed with him i>erfectly; he devoted himself to his immense 
researches upon the Annelides, which fills the twentieth volume of our 
memoirs. This induced him, two years after, to spend a second winter 
in Naples, bnt the serious illness of his wife made work almost impossi- 
ble; the assiduoos care which he lavished upon the companion of his 
life weakened him, and he became himself extremely ill. Nevettheleas, 
he desired, in 1870, to again attempt a sojourn at Naples, but fitr from 
experienoing any relief he was more indispiraed than ever. A hydn^ 
sy, which slowly ascended toward the vital organs, left* him norh,(^>e> 
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He fought agfiinst it, according to his cnstom, with aa extraordinary en- 
ergy, denying himself drinks, and submitting to a treatment which the 
physicians believed to be beyond the endurance of a patient. He died 
the Slst of May, at Sieone, on his return voyage, at the age of thirty- 
nine years, just at the time when we all had reason to hope that it would 
not be long before we should again welcome him to our midst. 

The death of Clapar^ile has taken from Geneva one of the finest 
flowers ttom her scientiflo crown, and from our Academy one of its 
most illnstrioos professors. The sorrow of his death will extend beyond 
the extreme limit of onr city, and be felt wherever science is cultivated. 
ClaparMe was one of those men who make a mark iu the intellectual 
life of a country and who seem predestined to be the founder of a school. 
We recognize in him a combination of f^nlties rarely found united in 
the same individual, an extraordinary facility to assimilate the labors 
of others, a prodigious memory, great qaicknesa of conception, and a 
certainty of observation which was never at fault. To these essential 
faculties were joined all the accessory qualities which facilitate work in 
the domain of natural sciences. He excelled in the art of fine prepara- 
tions ; he handled the brush with as much talent as the surgeon's knife, 
and drew himself the plates of his work. He understood all the lan- 
guages of Europe outside of the Slavonic tongues ; his studies were im- 
mense and redundant, though he made but few notes; his erudition 
was really wonderful. The largeness of his views struck all who 
approached him, and his instructions had a fascinating attractiveness, 
thongh nothing was sacrificed to eloquence. His conversation was 
always learned upon almost any sabject, for it would have been dif- 
ficult to find a specialty, scientific or literary, even among those most 
foreign from lus ordinary studies, in which he could be taken unawares. 

As for as, gentlemen, it is not only a philosopher whom we moorn, 
but a tried and devoted friend ; a man of uprightness, one who, besides 
thegeninsof science, possessedalsoall thegeneroos qualitieeof the heart. 
I can only regret, in concluding, that the remembrance of-his life among 
us shoQld not be recorded in our annals by a pen more worthy than mine. 
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Navy Depaetment, June 9, 1871. 
SiK : HnviDg been appoiuted, bj the PreBident of the XJaited States, 
commaDder of the expedition toward the Korth Pole, and the steamer 
Polaris having been fitted, equipped, provisioned, and assigned for tbe 
purpose, you are placed in command of tbe said vessel, her officers and 
crew, for the purposes of the said expedition. ' Having taken command, 
yon will proceedin tbe ve3sel,at the earliest po8sibledate,from the navy- 
yard in this city to New Tork. From New York you will proceed to 
tbefii^t favorable port yoa are able to makeontbewest coast of Green- 
land, stopping, if yon deem it desirable, at St. Johns, Newfoundland. 
Fromtbefiratportmadebyyou,ontbewe8tcoastofGreenlaDd, if farther 
south than Holsteinberg, yoa will proceed to that port, and thence 
to Goodhaveo, (or Lively,) in tbe island of Disco. At some one of the 
ports above referred to you will probably meet a tran'sport, sent by tbe 
I>epartmeat, with additional coal and stores, from which yon will snpply 
yourself to the fullest carrying capacity of the Polaris. Should youfall 
in with tbe transport before making either of the ports aforesaid, or 
shonld yon obtain information of her being at, oi having landed her 
stores at any port south of the island of Disco, you will at once proceed 
to pat yourself in communication with tbe commander of the transport, 
and snpply yourself with the additional stores and coal, taking such 
measures as may be most expedient and convenient for that porpose. 
Shonld you not hear of the transport before reaching Holsteinberg, you 
will remain at that port, waiting for her and your supplies, as long as 
the object of your expedition will permit yon to delay for that purpose. 
Alter waiting aa long as is safe, under all thecuvumstancesastbeymay 
present themselves, you will, if yon do not hear of the trai;sport, pro- 
ceed to Disco, as above provided. At Disco, if you hear nothing of the 
transport, yon will, after waiting as long ad yon deem it safe, supply 
yourself, as far as you may be able, with such supplies and articles as 
you may need, and proceed on yonr expedition without further delay. 
Prom Disco you will proceed to Upemavik. At these two last-named 
places yoa will procure dogs and other Arctic outfits. If you think it 
of advantage for the purpose of obtaining dogs, &c., to stop at Tossak, 
yon will do so. From Upernavik, or Tossak, as the case may be, you 
will proceed across Melnlle Bay to Cape Dudley Digges, and thence 
you will make all possible progress, with vessels, boats, and sledges. 
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toward tlie Nortli Pole, asing your own judgmeut as to tlie route or 
routes to be pursued and theiocality for each winter'squarters. Having 
been provisioned and equipped for two and abalf years, you will pursue 
your explorations for tliat period ; but, should tbe object of tbe expedi- 
tion require it, you will continue your explorations to such a further 
length of time as your supplies may be safely extended. Should, how- 
ever, the main object of the expedition, viz, attaining the position of the 
North Pole, be accomplished at an earlier period, you will return to the 
United States with all convenient dispateh, 

TlJere being attached to the expedition a scieutidc department, its 
operations are prescribed in accordance with the advice of the Ifatioual 
Academy of Sciences, as required by the law. Agreeably to this advibe, 
the charge and direction of tbe scietitiflo operations will be intrusted, 
under your command, to Doctor Emil Besselsj and you will render Dr. 
Bessels and his assistants all such facilities and aids as may be in your 
power to carry iuto eflfect the said further advice, as given in the in- 
structions herewith furnished in a communication from the president of 
the National Academy of Sciences. It is, however, important -that ob- 
jecte of natural history, ethnology, &c., &c., which may be collected by 
any person attached to the expedition, shall be delivered to the chief 
of tbe scientific department, to be cared for by him, under your direc- 
tion, and considered the property of tbe Government; and every 
|>erson be strictly prohibited from keeping any such object. Yoa 
will direct every qualified person in the expedition to keep a privat* 
journal of 'the progress of the expedition, and enter on it events, obser- 
vations, and remarks, of any nature whatsoever. These journals shall 
be considered confidential and read by no person other than the writer. 
Of these journals no copy shall be made. Upon the return of the ex- 
pedition you wilt demand of each of tbe writers his journal, which it is 
hereby ordered he Bball deliver to you. Each writer is to be assared 
that when the records of the expedition are published he shall receive 
a copy ; tbe private journal to be returned to the writer, or not, at tbe 
option of the Government; but each writer, in the published records, 
shall receive credit for snch part or parts of his journal as may be used 
in said records. Ton will use every opportunity to determine the po^ 
tion of all capes, headlands, islands, &c., the lines of coasts, take sound- 
ings, observe tides and currents, and make all such surveys as may 
advance our knowledge of the geography of the Arctic regions. 

Ton will give special written directions te the sailing and ice master 
of the expedition, Mr. 8. 0. Bnddiugton, and to the chief of the scientific 
department. Dr. E. Bessels, that in case of your death or disabUity — a 
contingency we sincerely trust ,may not arise — they shall consnlt as to 
the propriety and manner of carrying into ftirther effect the foregoing 
instructions, which I here urge must, if possible, be done. The resnita 
of their cousnltatioDS, and the reasons therefor, must be pnt in writing^ 
and kept as part of tbe records of the expedition. In any eveai, bow- 



EXPEDITIOS TOWARD TDE NORTH POLE. 363 

OTer, Mr. Buddington shall, in case of your death or disability, coutiaue 
as the sailing and ice master, and control and direct the movements of 
the vessel ; and Dr. Bessels shall, in such case, continae as chief of the 
scientific department, directing all sledge journeys and scientific opera- 
tions. In the iH)ssibIe contingency of their non-agreement as to the 
course to be pursned, then Mr. Buddington shall assume sole charge 
and command, and return with the expedition to the United States with 
all possible dispatch. 

■Tou will transmit to this Department, as often as opportunity oEFcrs, 
reports of your progress and results of your search, detailing the route 
of your proposed advance. At the most prominent points of your 
progress you will erect conspicuous skeleton stone monuments, deposit- 
ing near each, in accordance with the confidential marks agreed npon, 
a condensed record of your progress, with a description of the route 
upon which you propose to advance, making caches of provisions, &c., 
if you deem fit. 

In the event of the necessity of finally abandoning your vessel, yon 
will at once endeavor to reach localities frequented by whaling or other 
ships, making every exertion to send to the United States information 
of yonr position and situation, and a« soon as possible to return with 
your party, preserving, as far as may be, the records of, and all possi- 
ble objects and-specimens collected in, the expedition. 

All persons attached to the expedition are under yonr command, and 
shall, under every circumstance and condition, be subject to the rules, 
regulatJODS, and laws governing the discipline of the Navy, to be modi- 
fled, but not increased, by you as the circumstances may in your judg- 
ment require. 

To keep the Government as well informed as possible of your pro- 
gress, you will, after passing Cape Dudley Digges, throw overboard 
daily, as open water or drifting ice may permit, a bottle or small copper 
cylinder, closely sealed, containing a paper, stating date, position, and 
such other facts as you may deem interesting. For this purpose yoa 
will have prepared papers containing a request, printed in several 
languages, that the finder transmit it by the most direct route to the 
Secretary of the Navy, Washington, United States of America. 

Upon the return of the expedition to the United States, you will 
transmit your own and all other records to the Department. You will 
direct Dr. Bessels to transmit all the scientific records and collections 
to the Smithsonian Institution, Washington. 

The history of the expedition will be prepared by yourself, trom all 
the journals and records of the expedition, under the supervision of tbA 
Department. All the records of the scientific results of the expedition 
will be prepared, supervised, and edited by Dr. Beesels, under Uie 
direction and authority of the president of the National Academy of 



ciences. 
Wishing for you and your htam comrades health, happiness, apd 
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soccess ia yoar daring enterpriae, and commendiDg yoa and tbem to 
tbe protecting care of tbe God who rulea tbe uuiverae, 
I am, very respectfully, yoms, 

GEO. M. ROBESON, 

Secretary of the Savy. 
Chas. F. Haix, 

Commanding Expedilion toward tlw North Pole. 



LETTER OP PEOFESSOE JOSEPH HENRY, <PEESIDEKT OF THE HATIONAL 
ACADEMY OP SCIENCES,) WFIH INSTEUCTIONa TO CAPTAIN C. F. H*T.r, 
FOE THE BCIETJTIFIC OPERATIONS OF THE EXPEDITION TOWAED THE 
NORTH POLE. 

WASHraoTOH, D. C, June 9, 1871. 
SiE : In accordance with the law of Congress autborizing tbe expe- 
dition for explorations wilbin the Arctic Cirele, the scientific operations 
are to be prescribed by tbe National Academy ; and in behalf of this 
society I respectfully submit the following remarks and saggestions : 

Tbe appropriation for this expedition was granted by Congress prin- 
cipally on account of tbe representations of Captain Hall and his friends 
aa to the possibiliiy of improving onr knowledge of the geography of 
tbe regions beyond the eightieth degree of north latitude, and more 
especially of reaching the Pole. Probably on this account and that of 
the experience which Captain Hall had acquired by seven years' resi- 
dence in the Arctic regions, he was appointed by the President as com- 
mander of tbe expedition. 

In order that Captain Hall might have fall opportunity to arrange his 
plans, and that no impediments should be pot in the way of their 
execution, it was proper that be should have the organization of the 
expedition and the selection of his assistants. These privileges bavin^f 
been granted him, Captain Hall early appointed as tbe sailiog-master 
of tbe expedition his friend and former fellow-voyager in tbe Arctic 
Zone, Captain Buddington, who has spent tweoty-flve years amid polar 
ice; and for the aubordinate positions, persons selected especially for 
their experience of life in the same regions. 

It is evident from the foregoing statement that tbe expedition, except 
in its relations to geographical discovery, is not of a scientific character^ 
and to connect with it a full corps of scientific observers whosfe duty it 
should be to make minute investigations relative to tbe physics of the 
globe, and to afford tbem such facilities with regard to time and position 
as would be necessary to tbe full success of tbe object of their organi- 
zation, would materially interfere with tbe views entertained by Captain 
Hall, and tbe purpose for which the appropriation was evidently 
intended by Congress. 

Altbongb the special objects anil peculiar organization of this expe- 
dition are not primarily of a scientific character, yet many phenomena 
may be observed and specimens o&natnral history be incidentally col- 
lected, particularly during the long winter periods in which the vessel 
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niaat necessarily remain stationary; and tberefore, in order that tbe 
opportnnity of obtaiDing such results might not be lost, a committee 
of tlie National Academy of Sciences waa appointed to prepare a 
series of itistractioos oo the different bmncbes of physics and uataral 
history, and to render assistance in procuring the scientific outfit. 

Great difficulty iraa met with in obtaining men of the proper scientific 
acquirements to embark in an enterprise which must ueceasarily bo 
attended with much privation, and in which, in a measure, science must 
be subordinate. This difBcuIty was, however, happily obviated by the 
offer of an accomplished physicist and naturalist, Dr. E. Bessels, of 
Heidelberg, to take charge of the scientific operations, with such assist- 
ance as could be afforded him by two or three intelligent young men 
that might be trained for the service. Dr. Bessels was the scientific 
director of the Oerman expedition to Spitzbergen aud Nova Zembla, In 
1869, during which be made, for the first time, a most interesting series 
of observations on the depths and currents of the adjacent seas. From 
bis character, acQuirements, and enthusiasm in the cause of science, he 
is admirably well qualified for the arduous and laborious office for which 
he is a volunteer. The most important of the assistants was one to be 
intrusted, under Dr. Bessels, with the astronomical and magnetic 
observations, and such a one has been found in the person of Mr. Bryan, 
a graduate of Idfayette College,,at Easton, Pennsylvania, who, under 
the direction of Professor Hilgard, has received from Mr. Schott and 
Mr. Keith, of the Coast Survey, practical instructions iu the use of the 
instruments. 

The Academy would therefore earnestly recommend, as an essential 
condition of the success of the objects in which it is interested, that Dr. 
Bessels be appointed as sole director of the scientific operations of the 
expedition, and that Captain Hall be instructed to afford him such 
fiicilities and assistance as may be necessary for the special objects 
uuder bis charge, and which are not incompatible with the prominent 
idea of the original enterprise. 

As to the route to be pursued with the greatest probability of reach- 
ing the Pole, either to the east or west of Greenland, the Academy for- 
bears to make any suggestions. Captain Hall having definitely concluded 
that the route through Bafiin's Bay, the one with which he is most 
familiar, is that to be adopted. Une'point, however, should be specially 
urged upon Captain Hall, namely, the determination with the utmost 
scientific precision possible of all his geographical positions, and 
especially of the ultimate northern limit which he attains. The evidence 
of the genuineness of every determiuation of this kind should be made 
apparent beyond all question. 

On the return of the expedition the collections which may be made in 
natural history, &c., will, in accordance with a law of Congress, be de- 
posited in the National Museum, under the care of the Smithsonian In- 
stitution ; and we would suggest that the scientific records be discussed 
and prepared for publication by Dr. Bessels, with sudi assistance as be 



366 EXPEDITION TOWARD THE NORTH POLE. 

may require, under tbe direction of the Xational Academy. The uDport- 
ance of refusing to allow journals to be kept exclusively for private use, 
or collections to be made other than those belongiag to the expedition, 
is too obvious to need special suggestion. 

In fitting out the expedition, the Smithsonian Institntiou has afforded 
all the facilities in its power in procuring the necessary apparatus, and 
in fiirnishing the outfit for making collections in the varions depart- 
ments of natural history. The Coast Survey, under the direction of 
Professor Peirce, has contributed astronomical and magnetical instm- 
ments. The Hydrographic Office, under Captain Wyman, haa furnished 
a transit instrument, sextants, chronometers, charts, books, &c. The 
Signal Corps, under General Myer, has supplied anemometers, ther- 
mometers, aneroid, and mercurial barometers, besides detailing a ser- 
geant to assist in the meteorological observations. The members of 
the committee of the Academy, especially Professors Batrd and Hilgard, 
have, in discussing with Dr. Bessels tbe several points of scientific in- 
vestigation and in assisting to train bis observers, rendered important 
service. 

The liberal manner in which the Na^^y Department, nnder your direc- 
tion, haa provided a vessel, and especially fitted it ont for the x>urpoBe 
with a bountiful supply of provisions, fuel, and all other reqoisites for 
the success of tbe expedition, as well, as the health and comfiart of its 
members, will, we doubt not, meet the approbation of Congress, and be 
highly appreciated by all persons interested in Arctic explorations. 

From tbe foregoing statement it must be evident that the provisions 
for exploration and scientific research in this case are as ample as those 
which have ever been made for any other Arctic expedition, and shonM 
the results not bo commensurate with the anticipations Id regard to 
them, the fact cannot be attributed to a want of interest in the enter- 
prise, or to inadequacy of the means which have been afforded. 

We have, however, full confidence, not only in the ability of Captain 
Hall and his naval associates to make important additions to the knowl- 
edge of the geography of the polar region, but also in his interest in 
science and his determination to do all in hie power to assist and facili- 
tate tbe scientific operations. 

Appended to this letter is the series of instructions prepared by the 
committee of the Academy, viz, the instructions on astronomy, by Pro- 
fessor Tfewcomb; on magnetism, tides, &c., by Professor J. E. Hilgatd; 
on meteorology, by Professor Henry; on natural history, by Professor 
S. F. Baird; on geology, by Professor Meek; and on glaciers, by Pro- 
fessor Agassiz, 

I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENEY, 
President of the National Academy of Sciencei. 

Hon. Geobqe M. Robeson, 

Secretary of the A'acy. 

Digit zed by Google 
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INSTEUCTIONS. 



Records of observations. — It is of the first importaoce that in all in- 
strumental observAtionB the fullest record he made, and that the original 
notes bo preserved carefully. 

In all cases the actual instrnmental readings must he recorded, and 
if any corrections are to he applied, the reason for these corrections 
must aho be recorded. For instance, it is not sufficient to state the 
index error of a sextant; the manner of ascertaining it and the readings 
taken for the purpose must be recorded. 

The log-book should contain a continuous narrative of all that is done 
by the expedition and of all incidents which occur on shipboard, and a 
similar journal should be kept by each sledge party. The actual obser- 
vations for determining time, latitude, the sun's bearing, and all notes 
having reference to mapping the shore, soundings, temperature, &c., 
sboold be entered in the logbook or journal in the regulfur order of 
occurrence. When scientific observations are more fully recorded in the 
Dote-books of the scien ti flc observer than can be conveniently transcribed 
into the log-book, the fact of the observation and reference to the note- 
book should be entered. 

The evidence of the genuineness of the observations brought back 
should be of the most irrefragable cliaracter. No erasures, whatever, 
with rubber or knife, sboold be made. When an entry requires correc- 
tion, the figures or words should be merely crossed by a line, and the 
correct figures written above. 

J. E. HiLGARD. 
ASTRONOMY. 

Asironomicalobservations. — One of theehrouometers, the most valUabler 
if there is any difference, should be selected as the standard by which 
all observations are to be made, as far as practicable. The other 
chronometers should all be compared with Ibis every day at the time 
of winding, and the comparisons entered in the astronomical note- 
book. 

When practicable, the altitude or zenith distance of the sun should 
be taken four times a day — morning and evening for time ; noon and 
midnight for latitude. The chronometer or watch times of the latitude 
observations, as well as of the time observations, should always be 
recorded. Each observation should always be repeated at least three 
times in all, to detect any mistake. 

When the moon is visible, three measures of her altitude shonld be 
taken about the time of her passage over each cardinal point of true 
befU'ing, and the chronometer time of each altitude should be recorded. 

As the (Greenwich time deduced from the chronometers will be quite 
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unreliable after the first 8lxmontb8,itwillbeDec«a8aryto have recouae 
to Itmar distances. Theae should be measored from the son, in prefer- 
ence t» a star, whenever it is practicable to do so. 

If a sextant is used in observation, a measure of the semi-diameter of 
the suD or moon should be taken every day or two for index error. 

The observations are by uo means to be pretermitted when lying in 
port, because they will help to correct the position of tiie port. 

The observations should, if convenient, be taken so near the standard 
chronometer that tbe observer can signal the moment of observation to 
an assistant at the chronometer, who is to note tbe time. If this is not 
found convenient, and a comparing watch is nsed, the watch-time and 
the comparison of tbe watch with the chronometer should both be care- 
fully recorded. 

The observations made by the main party should be all written down 
iu full in a continuous series of note-books, from which tbey may be 
copied in tbe log. Particular care should be exercised in alwayarecordiog 
tbe phuXf date, and limb of sun or moon observed, and any other particD- 
lars necessary to tbe complete understanding of the observation. 

S. Newcomb. 

Observations at winter quarters. — The astronomical transit iostrumeDt 
will be set up in a suitable observatory. A meridian mark should be 
established as soon as practicable, and tbe instrument kept with con- 
stant care in the vertical plane- passing throagh tbe mark, in order Hat 
all observations may be brought to bear on determining the deviation 
of that plane from the meridian of the places. The transits of circom- 
polar stars, on both sides of the Pole, and those of stars near tbe Eqoa- 
tor, should be frequently observed. 

Moon culminations, including the- transits of both first and second 
limbs, should be observed for tbe determiuation of longitnde independ- 
ently of the rates of tbe chronometers. Twelve transits of each limb ia 
ii desirable number to obtain — more, if practicabla If any occulta- 
, tious of bright stars by the moon are visible, they should be likewise 
observed. 

The observations for latitude will be made with the sextant and arti- 
ficial horizon, upon stars both north and south of the zenith. 

All the chronometers of the expedition should be compared daily, as 
nearly as practicable aboat the same time. 

Whenever a party leaves tbe permanent station for an exploration, 
and immediately upon its return, its chronometer should be compand 
with the standard chronometer of the station. 

Obsereations during sledge or boat journeys. — The instruments to be 
taken are the small Casella theodolite, or a pocket sextant and artificial 
horizon, one or more chronometers, and a prismatic compass, for taking 
magnetic bearings of the sun. In very high latitudes tbe time of &t 
sun's meridian altitnde is not readily determined } it will be advisable. 
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therefore, to take altitudes when tLe san is near the meridian, as in- 
dicated hy tbe compass, with regard tothe variations of the compsss, 
as derived from an isogonic chart. The time when the observatioD is 
taken will, of course, be noted by the chronometer. Altitudes should 
be taken in tbia way, both to the south and north of the zeoith ; they 
will enable the traveler to obtain his latitude at once very nearly, with- 
out tbe more laborious computation of the time. 

The observations for time should be takeu as nearly as may be when 
the sun is at right angles to tht^ meridian, to the east aud west, the 
compass being again used to ascertain the proper direction. This 
method of proceeding will call for observations of altitude at or near 
tbe four cardinal points, or nearly six hours apart in time. 

When tbe party changes its place in the interval between their ob- 
servations, it is necessary to have some estimate of the distance and 
direction traveled. The ultimate mapping of the route will mainly 
depend upoo the astronomical observations, but no pains should be, 
spared to make a record every hour of the estimated distance traveled— 
by log, if afloat — of tbe direction of the route, by compass, aod of bear- 
ingB of distant objects, such as peaks, or marked headlands, by which 
the route may be plotted. 

In case of a few days' halt being made when a very high latitude has 
been reached, or at any time during tbe summer's explorations, a 
special object of core should be to ascertain the actual rate of the 
ohronometers*witb the party. To this end, a well-deflued, fixed object, 
' in any direction, should be selected as a mark, the theodolite pointed 
on it, and the transit of the sun over its vertical observed on every day 
dnring the sojourn at the place. If the party be only provided with a 
sextant, then the same angular distances of the sun from a fixed object 
shonld be observed on successive days, the angles being chosen so as 
to be between 30° and 45°. For instance, feet the sextant successively 
to 40°, to 40° 20', 40° 40', &c, and note the time when the sun's limb 
comes in contact with the object. The same distances will be found 
after twenty-four hours, with a con-ection for change in the sun's declin- 
ation. Tiie sun's altitude stiouid be observed before and after these 
observations, and its magnetic bearing should be noted, as well as that 
of the mark. The altitude of the mark shonld also be observed, if 
practicable, either with the sextant or clinometer, but this is not 
essential. J. E. Hilgabd. 

UAQNETISM. 

On the voyage and sledge-journey, at all times when traveling, the 
declination or variation of the compass should be obtained by observing 
the magnetic bearing of the sun at least once every day on which tbe 
sun is visible. On ship-board or in boats tbe azimuth compass is to be 
used ; on laud the small theodolite will be found preferable. 

When afloat, no valuable observations of the magnetii^ dfo^u^Jiu 
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tmsity are practicable. On the sledge-jonmey tbe dip-circle may be 
carried, and when baits are made longer tban Decessary to determine 
the place by astronomical observations, the dip and relative intciuity, 
according to Lloyd's method, should be ascertained. 

At winter quarters, in addition to the above-mentioned observations, 
those of absolute korvsoatal intensiti/ should be made with the theodolite 
magnetometer, including the determination of moment of inertia. Also 
with the same instrument the absolute declination should be deter- 
mined. 

The least that tbe observer shonld be satisfied with is tbe complete 
determination of the three magnetic elements, namely, decliaation, dip, 
and horizontal intensity. At one period, say within one week, three 
determinations of each shonld be made. 

It is advisable that the same observations be repeated on three bdc- 
oessive days of each month during the stay at one place ; and that oo 
4hree days of each mouth, as tlie 1st, lltb, and 21st, or any other days, 
the variation of the declination-magnet be read every half hour dariDg 
the twenty-four honrs ; also that the magnetometer, or at least a theo- 
dolite with compass, remain mounted at all times, that the variation of 
the needle may be observed as often as practicable, and esi>ecinlly when 
unusual displays of aurora boreali» take place- 
In all cases tbeVtme, which forms an essential part of the reoord, shonld 
be carefully noted. 

2fot long before starting oo a sledge jonrney from a winter station, 
and soon after returniug, the observations with tbe loaded dipping 
needles for relative intensity should be repeated, iu order to have a 
trustworthy comparison for the observations which have been made on 
the journey. 

FORCE OP GBAVITT. 

As the loug winter affords ample leisure, pendulum esperiments may 
be made to det«rmine the force of gravity, in comparison with that at 
Washington, where observations have beeu made with the Hayes pen- 
dulum lent to the expedition. The record of the Washiugton observa- 
tions, a copy of which is fhrnisbed, will serve as a guide ia making the 
observations. Special care should be taken while they are in progress 
to determine the rate of the chronometer with great precision, by obser- 
vations of numerous stars with the astronomical transit instrument, the 
pointing of which on a fixed mark should be frequently verified. 

OCEAN PHYBICS. 

DepOts. — Soundings shonld be taken frequently, when in moderate 
depths, at least sufficiently often to give some indication of the general 
depth of the strait or sound in which the vessel is afloat at the time. If 
an open sea be reached, it should he considered .of the greatest import- 
ance to get some measure of its depth, and since no bulkirsoandipg up- 
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paratas can be carried acrose the ice barrier, the boat party shoald be 
provided with 1,000 ftthoms of small twine, marked in lengths of 10 
ihthoms. Stones taken on board when the boat is launched, may eerve 
as weights. 

Bottom should be broaght ap whenever practicable, and specimens 
preserved. Circumstances of time and opportmiity must determine 
whether a dredge can be used, or merely a gpecimen-eup. 

ToMperature of the sea shonid be observed with the " Miller protect- 
ed bulb thermometer," made by Oasella, near the surface, abont two 
fktboms below the surface, and near the bottom. When time^ermits, 
observations at an intermediate depth should be taken. Tliese observa- 
tions have a particular bearing on the ^neral circulation of the ocean, 
and are of great importance. 

Tides. — Observations of high and low water, as to time and height, 
should be made continuously at winter quarters. Tbe methoil adopted 
by JL>r. Hayes is recommended. It consists of a griuluated staff iin- ' 
chored to the bottom, directly under the " ice-hole," by a mnsliroom- 
anchor, or heavy stoue and achain, which is keptstretched by a counter- 
weight attached to a rope that passes over a pully rigged overhead. 
The readings are taken by the height of the water in the " ice-hole." 
In the course of a few days' careful observations the periods of high 
and low water will become sufBciently well known to predict the turns 
approxiiuating from day to day, and subsequently, observations taken 
every five minutes for half an hour, about the anticipated turn, will 
suffice, provided they be continued until the turn of the tide has be- 
come well marked. 

Tidal observations taken at other points, when a halt is made for 
some time, even if continued not. longer than a week, will be of special 
value, as afibrding an indication as to the direction in which tbe tide- 
wave is progressing, and inferentially as to the proximity of an open sea. 
If, as tbe expeditiou proceeds, the tide is found to be later, the indica- 
tion is that the open sea is fat distant, if indeed the channel be not 
closed. But if the tide occurs earlier, as the ship a.dvances, the proba- 
bility is strongly in favor of the near approach to an open, deep sea, 
commnnicating directly with the Atlantic Ocean. 

In making such a comparison, attention must be paid to the semi- 
monthly inequality in tbe time of high water, which may be approxi- 
mately taken from the observations at winter quarters. Observations 
made at tbe same age of tbe moon, iu dilferent places, may be directly 
compared. 

When the water is open, the tide may be observed by means of a 
graduated pole stack into the bottom ; or, if that cannot be conveniently 
done, by means of a marked line, anchored to the bottom, and floated 
by a light buoy, the observation being taken by hauling up the line 
tant over the anchor. 

Currentt. — It is extremely desirable to obtain some idea of tii^n^^ 
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roots in tbe open polar sea, if sach is foaod. Ko special observationa 
can be indicated, however, except those of tbe drift of icebergs, if any 
should be seen. 

Density. — The densitg of the sea-water shonid be £reqaeatly observed 
with delicate hydrometers, giving direct indicatioos to tbe foartb deci- 
mal. Whenever practicable, water shonid be brought np ftxtm different 
depths, and its density tested. The specimens should be preserved in 
carefully-sealed bottles, with aviewto tbe sabseqaent detertninntioa of 
their mineral contents. 

* J. £. HiLaABD. 

METEOBOLOaT. 

The expedition is well supplied with meteorological instmments, all 
the standards, with the exceiition of tbe mercarial barometers, manu- 
factured by Casella, and conijiared with the standards of the Kew Ob- 
servatory under the direction of Professor Balfour Stewart. Dr. Bes- 
sels 18 so familiar with the use of iustrumenta, and so well acquainted 
with the principles of meteorology, that minute instructions are unne- 
cessary. We shall therefofe merely call attention, by way of remem- 
brance, to the several points worthy of special notice, 

Temperature. — Tbe registers of the temperature, as well as of tbe 
barometer, direction of the wind, and moisture of the atmosphere should, 
in all cases in which it is possible, be made hourly, and when that cau- 
not be done they should be made at intervals of two, three, fonr, or six 
hours. The temperature of the water of the ocean, as well as of the 
air, should be taken during the sailing of the vessel. 

The minimnm temperature of the ice, while in winter quarters, should 
be noted from time to time, iwrhaps at different depths ; also that of the 
water beneath. 

The temperature of the black-bnib thermometer tn vacuo exposed to 
the sun, and also that of the black bulb tcee to the air, should be fre- 
quently observed while the sun is on the meridian, and at given alti- 
tudes in the forenoon and afternoon, and these observations compared 
with those of the ordinary thermometer in tbe shade. 

Experiments should also be made with a thermometer in the focns of 
the silvered mirror, the face of which is directed to the sky. For this 
purpose the ordinary black-bulb thermometer may be used as well as 
the naked-bulb thermometer. The thermometer thus placed will gen- 
erally indicate a lower temperature than one freely exposed to radiation 
from the ground and terrestrial objects, and in case of isolated clouds 
will probably serve to indicate those which are colder and perhaps 
higher. 

Comparison may also be made between the temperature at different 
distances above the ea,ith, by suspending thermometers on a spar at 
different heights. 

The temperature of deep sonndings should be t^b^^i tjvi^j^f^^ilier^ 
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mometer with a guard to obviate the presBore of the water. Aa the 
tendency, on acconnt of the revelation of the earth, is constaatly'to 
dedect all cmrents to the right hand of the observer looking down 
stream, the variations in temperature in connection with thia fact msty 
serve to assist in iudicatiag the existence, sonrce, and direction of cur- 
rents. 

l!he depth of frost ahould be ascertained, and also, if possible, the 
point of invariable temperature. For thia purpose augers aud drills 
with long stems for boring deeply should be pro\ided. 

Pretaure of air. — A series of comparative observations should be 
made of the iudicatious of the mercurial and aneroid barometers. The 
latter will be aftiected by the variation of gravity as well as of temper- 
atnre, vhile the former will require a correction due only to heat and 
capillarity. 

As it is known that the normal height of the barompter vanes in dif- 
ferent latitudes, accurate observations in the Arctic regions with this 
instrumeut are very desirable, especially in connection with observa- 
tions on the moisture of the atmosphere, since, to the smatl quantity of 
this in northern latitudes the low barometer which is observed there 
has been attributed. 1 think, however, it will be found that the true 
cause is in the rotation of the earth on ita axis, which, if sufficiently 
rapid, would prt^ect all the air from the pole. 

In the latitude of about 60 there is a belt around the earth in which 
the barometer stands nunsually high, aud in which i-iolent fluctuations 
occur. This will probably be exhibited in the projection of the curve 
representing the normal height of the barometrical column in diflerent 
latitudes. 

Moisture. — The two instruments for determining the moisture in the 
air are the wet and dry-bulb thermometer, and the dew-point instm- 
ment, as improved by Begnault. But to determine the exact quantity 
in the atmosphere in the Arctic regions will require the use of an aspi- 
rator, by which a given quantity of air can be passed through an ab- 
sorbing substance, such as chloride of calcium, and the increase of 
weight accurately ascertained. It may, however, be readily shown that 
the amount is very small in still air. 

A wind from a more southern latitude will increase the moisture, and 
may give rise to fogs. Sometimes, from openings in the ice, vapor may 
be exhaled from water of a higher temiierature than the air, and be 
immediately precipitated into fog. 

The inconveuieuce which is felt from the moisture which exhales with 
the breath in the hold of the vessel may, perhaps, be obviated by adopt- 
ing the ingenious expedient of one of the Arctic voyagers, viz, by 
making a number of holes through the deck and inverting over them a 
large metallic vessel like a pot. The exterior of this vessel tieing ex- 
posed to the low temperature of the air without would condense the 
. moisture from within on its interior surface, and thus serve, on the 
principle of the diffusiou of va^tor, to desiccate the air below. 
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The variation of moisture in the atmosphere performs a veiy im- 
portant part in all the meteorological changes. Its effects, however, 
are prohubly les3 marlted in the Arctio regions than in more southeru 
latitudes. The first effect of the introduction into the atmosphere of 
moisture is to expand the air and to diminish its weight ; but after an 
equilibrium has taken place, it exists, as it were, as an indeiwndent 
atmosphere, and thus increases the pressure. These opposite effects 
render tlie phenomena exceedingly complex. 

Winds. — As to these the following observations are to be regularly 
and carefully registered, namely: The average velocity as indicated by 
Bobinson's anemometer; the hour at which any remarkable change 
takes place in their direction; the course of their veering; the exist- 
ence at the same time of currents in different directions as indicated 
by the clouds ; the time of beginning and ending of hot or cold winds, 
and the direction from which tbey come. Observations on the force 
and direction of the wind are very important. The form of the wind- 
vane should be that of which the feather part consists of two plants, 
forming between tbem an angle of about 10°, The sensibility of this 
iustrument, provided its weight be not too much increased, is in pro- 
portion to the surface of the feather planes. Great care must be t-aken 
to enter the direction of the wind from the true meridian, whenever 
this can be obtained, and in all cases to indicate whether the entries 
refer to the (me or magnetic north. Mnch uncertainty has arisen ou 
account of the neglect of this precaution. 

In accordance with the results obtained by Professor Coffin, in his 
work on the resultant direction of the wind, there are in the northern 
hemisphere three systems roughly corresi>ouding with the different 
zones, viz, the tropical, in which the resultant motion is toward the 
west, the temperate, toward the east, and the Arctic, in which it is 
again toward the west. 

luthe discussion of all the observations the variation of the tempera- 
ture and the moisture will appear in their connection with the direction 
of the wind. Hence the importance of simultaneous observations on 
these elements, and also on the atmospheric pressure. 

Precipitation. — ^The expedition wilt be furnished with a number of 
rain-gauges, the contents of which should be measured after each sho.wer. 
By iuverting and pressing them downward into the snow, and subse- 
quently ascertaining, by melting in the same vessel the amount of water 
produced, they will serve to give the precipitation of water in the form 
of snow. The depth of snow can be measured by an ordinary mensuriug- 
rod. Much difficulty, however, is sometimes experienced in obtaining 
the depth of snow on account of its drifting, and it is sometimes Dot 
easy to distinguish whether snow is actually falling or merely being 
driven by the wind. 

The character of the suow should be noted, whether it is in small 
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roanded masses, or in regular crystals; also titie coDtlitioos aoder which 
these different forms are produced. 

The form aod weight of baiktonea should be noted, whether coosist- 
iiig of alternate strata, the Dumber of which is important, of docculent 
suow, or solid ice, or ngglutinatioDB of angular crystals, whether of a 
spherical form, or that of an ohlate spheroid. 

The color of the snow should be observed in order to detect auy 
orgauism which it may contain, and also any aedimeni which may re- 
main after evai>oratioo, whether of eartliy or vegetable matter. 

Clouds. — The character of the clooda should he described, and the 
direction of motion of the lower and higher ones registered at the 
times prescribed for the other observations. Since the expedition is 
well 8applie<l with photographic apparatus, frequent views of the 
clonds and of the general aspect of the (iky should be taken. 

Aurora. — Every phase of the anrorn borealis will of course he re* 
corded ; also the exact time of first appearance of the meteor, when it 
assumes the form of au arch or a corona, and when any important 
change in its general aspect takes place. The magnetic bearing of the 
crown of the arch, and its altitude at a given time, should be taken ; 
also, if it moves to the south of the observer, the time when it passes 
the zenith .should be noted. The time und position of a corona are 
very importaut. 

Two distinct arches have sometimes been seen co-existing — one in the 
east and the other in the west. In such an exhibition the position and 
crown of each arch should be detexmiued. Drawings of the aurora, 
with colored crayons, are very desirable. In lower latitudes a dark 
segment is usually observed beneath the arch, the occurrence of which, 
and the degree of darkness, should be registered. It also sometimes 
buppeus tliat a sudden precipitation of moisture in the form of a hazi- 
ness is observed to cover the face of the shy during the shooting of the 
beams of the aurora. Any appearance of this kind is worthy of atteu- 
tio,Q. 

Wave motions are sometimes observed, and it would be interesting to 
Dote whether these are from east to west or iu the contrary direction, 
and whether they have any relation to the direction of the wind at the 
time. The colors of the beams and the order of their changes may be 
importaut in forming a theory of the cause of the phenomena. Any 
similarity of appearance to the phenomena exhibited in Geissler's tubes 
should be noted, especially whether there is anything like stratification. 

The aurora sho uld bo frequently examined by the spectroscope, and 
the bright lines which may be seen carefully compared with one of 
KircholTs maps of the soliir spectrum. 

To settle the questiou as to the fluorescence of the aarora and its con- 
sequent connection with the electric discharge, a cone of light reflected 
from the silver-plated mirror should he thrown on a piece of white paper, 
on which characters have been traced with a brush dipped iu stdphate 
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of qniniae. By tfaas coodensing tbe ligbt on the paper, any fluores- 
ceose which tbe ray may coatain wilt be indicated by tbe appearance (tf 
the previously invisible characters in a green color. 

Careful observations shonld be made to ascertain vbether tbe aurora 
ever tippearB over an expanse of thick ice, or only over land or open 
water, ice being a non-conductor of electricity. 

The question whether tbe anrora is ever accompanied with a ncHsehas 
often been agitated, but not yet apparently definitely settled. Atten- 
tion should be given to this point, and perhaps tbe result may be 
rendered more defluite by the nse of two ear-trumpeta, one applied to each 
ear. 

According to Hansteen, the aurora consists of luminous beams, pu- 
allel to the dipping needle, which at tbe time of the formation of the 
corona are shooting up on all sides of theobserver, and also the lower pw- 
tions of these beams are generally invisible. It is, therefore, interesting 
to observe whether the auroral beams are ever interposed between the 
observer and a distant monntain or cloud, especially when looking 
either to the east or west. 

Tbe effect of the aurora on the magnetism of tbe earth will be ob- 
served by abnormal motion of the magnetic instruments for observing 
the declination, inclination, and intensity. This effect, however, may 
be more strikingly exhibited by means of a galvanometer, inserted near 
. one end of a long insulated wire extended in a stmight line, the two 
extremities of which are connected with plates of metal plunged in the 
water, it may be throngb holes in tbe ice, or immediately connected 
with the ground. 

To ascertain wbether tbe effect on the needle is dae to an electrical 
current in the earth, or to an inductive action from without, perhaps the 
following variation of the preceding arrangement would serve to give 
some indication. Instead of terminating the wire in a plate of metid, 
plunged in the water, let each end be terminated in a large metallic in- 
sulated surface, such, for example, as a large wooden disk, rounded, at 
the edges and covered with tin-foil. If tbe action be purely indnctive, 
the needle of the galvanometer inserted, say near one end of the wire, 
would probably indicate a momentary current in one direction, and an- 
other in the opposite, at the moment of the cessation of the action. For 
the purpose of carrying out this investigation the Smithsoninn Institu- 
tion has furnished the expedition with two reels of covered wire, each a 
mile in length, one of which is to be stretched in the direction, perhaps, 
of the magnetic meridian, and the other at right angles to it. It wonld 
be well, however, to observe the effect with the wires iu various direc- 
tions, or united in one contiimous length. 

Electricity. — From the small amount of moisture in tbe atmosphere, 
and tbe consequent insulating capacity of tbe, latter, all disturbances of 
tbe electrical equilibrium will bo seen iu the frequent production of 
ligbt and sparks on the friction and agitation of fUl partially non oon- 
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ducting sitbetances. Any minsaat occnrrenceB of this Icintl, eacli ns 
electrical discharges from pointed rods, ttom the ends of apars, or from 
the flngerB of the observer, should be recorded. 

A regalar series of observutioDS shoald be made on the character 
and inteoBity of the electricity of the atmosphere by means of an elec- 
trometer, furnished with a polished, iusniated, metallic ball, scvera] 
iuches in diameter, and two piles of Delnc to indicate the character of 
the electricity, whether + or — ; and also supplied with a scale to 
measure by the divergency of a needle the degree of intensity. This 
iDSUiiment can be used either to indicate the electricitj' of the air by 
induction or by conduction. In the first case it is only necessary to 
elevate it above a normal plane by meana of a flight of steps, say eight 
or ten feet, to toncb the ball at this elevation and again to restore it to 
its first position, when it will be foand charged with electricity of the 
aame character as that of the air. Or the ball may be brought in con- 
tact with the lower end of an insulated mctoUic wire, to the upper end 
of which is attached a lighted piece of twisted paper which has been 
dried after previous saturation in a solution of nihate of lead. 

Thnuder-storms are rare in the Arctic regions, althongb they sometimes 
occnr ; and in this case it is important to observe the point in the hori- 
zon in which the storm-cloud arises; also the direction of the wind dur- 
iitg tbe passage of the storm over the place of the observer ; and also 
the character of tbe lightning — whether zigzag, ramified, or direct ; also 
its direction — whether from cloud to cloud,or from a cloud to the earth. 

(^Ueal phenomena. — Mirage should always be noted, as it serves to 
Indicate tbe position of strata of greater or less density, which may be 
prodnced by open water, as in tbe case of lateral mirage, or by a cur- 
rent of wind or warmer air along tbe snrface. 

The polarization of tbe light of the sky can be observed by means of 
a polariscope, consisting of a plate of tourmaline with a slice of Ice- 
land spar, or a crystal' of niter cut at right angles to its optical axis, on 
tlie side farthest from the eye. With this simple instmrnent the fact 
of polarization is readily detected, as well as tbe plane in which it is 
exhibited. 

Halos, parhelia, corons, luminons nrcbes, and glwies should all be 
noted, both as to time of appearance and any peculiarity of condition 
of the atmosphere. Some of these phenomena have been seen ou the 
surface of the ice by the reflection of the sun's beams, from a surface 
ou which crystals had been formed by the freezing of a fog simultane- 
ously with a similar appearance in tbe sky, the former being a continu- 
ation, as it were, and not a teflection of the latter. 

In the latitude of Washington, immediately after the sun has sunk 
below tbe western horizon, there frequently appear faint panillel bands 
of colors just above the eastern horizon, which may very possibly be 
due to the dispersion of the light by the convex form of the atmosphere, 
and also, at some times, slightly colored beams crossing the heavens 
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like meridians, and converging to a point in the eastera horizou. Any 
appearance of this kind should be carefully noted and described. 

Meteors. — Shooting -stars and meteors of all kinds should be observed 
n'ith the spectroscope. The direction and length of their motion should 
be traced on star-maps, and especial attention should be given at 
the stated periods in August and November. A remarkable disturb- 
ance of the aurora has been seen during tbe pansage of a meteor 
through its beams. Any phenomenon of this kiud should be minutely 
described. 

Onone. — Tbe expedition is famished with a qnantity of ozone test 
pai>er, observations with which can only be rendered comparable by pro- 
jecting against the sensitized paper a given quantity of atmospheric 
air. For this purpose au aspirator should be used, which may be made 
by fastening together two small casks, one of which is filled with water,- 
with their axes parallel, by means of a piece of plank nailed across the 
heads, through the middle of which is passed an iron axis on which tbe 
two casks may be made to revolve, and the full cask may readily be 
placed above tbe empty, so that its contents may gradually descend 
into the latter. During the running of the water i'rom the upi>er 
cask, ail equal quantity of air is drawn through a small adjutage 
into a closed vessel, and made to impinge upon the test-paper. The 
vessel coutniniug the test-paper should be united with the aspirator by 
means of an India-rubber tube. 

Miscellaneous. — The conduction of sound during stiti weather, through 
the air over tbe ice, through tbe ice itself, and through the water, may 
be studied. 

Evaporation of snow^ ice, and water may be measured by a balauce, 
of which the pan is of a given dimension. 

Experiments on the resistance of water to freezing in a confined space 
at a low temperature, may be made with small bomb-shells closed with 
8crew-i>)nga of iron. The fact of the liquidity of the water at a very low 
temperature may be determined by tbe percussion of a small iron bullet, 
or by simply inverting the shell, when the ball, if the liquid remains 
uufWizeo, will be fonnd at the lowest point. It might be better, how* 
ever, to employ vessels of wrought iron especially prepared tor the par- 
pose, since the porosity of cast-iron is such that tbe water will be forced 
through the pores, «. g., the lower end of a gun-barrel, which, from the 
smallness of its diameter, will sustain an immense pressure, and through 
which the percussion of tbe inclosed bullet may be more readily heanl. 
Water, in a thin metallio vessel, exposed on all sides to the cold, some- 
times gives rise to hollow crystals of a remarkable shape and size, pro- 
jecting above the level surface of the water, and exhibits phenomena 
worthy of study. 

Experiments may be made oa regelation, tbe plasticity of ice, the con- 
Bolidatiou of snow into ice, the expansion of ice, its conducting {tower 
for heat, and the various forms of its crystallization. Ito effect of in- 
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tease cold should be studied on potassiam, aodiam, and otfaer substances, 
especially in relation to tbeir oxidatiou. 

The melting poiot of mercur; should be observed, particularly as a 
meaos of correcting the graduation of thermometers at low temperatures. 
Tbe resistauce to freezing of minute drops of mercury, as has been 
stated, should be tested. 

Facts loug observed, when studied under new conditions, scarcely 
ever fail to yield new and interesting results. 

Joseph He:iey. 

katueal history. 

Objects of natural history of all kinds should be collected, and in as 
large numbers as possible. For this purjjose all on board tbe vessel, 
both officers and sailors, should be required to collect, upon every favor- 
able opportunity, and to deliver the specimens obtained to those ap- 
pointed to have charge of them. 

Zoology. — Tbe terrestrial mammals of Greenland are pretty well known, 
bat it is still desirable that a series, as complete as possible, of the skins 
sfaonUf be preserved, great care being taken to always Indicate upon the 
label to be attached the sex, and probable age, as well as the locality 
and date of capture. The skeleton, and, when it is not possible to get 
this complete, any detached bones, particularly the sknll and attitched 
cervical vfertebriE, are very desirable. Int«re8ting soft parts, especially 
the brain, and also embryos, are very important. If it should be con- 
sidered necessary to record measurements, the^ should be taken from 
specimens recently killed. 

Of walruses and seals, there should be coUectfid as many skeletons as 
possible, of old and young individuals ; also skins, especiallj- of the seals. 
Notes should be made regarding the habits in general, food, period of 
copulation, duration of gestation and time of migration, it beiug desira- 
ble to find out whether their migrations are periodical. 

Of the Cetacea, when these are too large to be taken on board the 
vessel, the sknll and cervical vertebrte, the bones of tbe extremities and 
penis, and whatever else may be deemed worthy of preservation, should 
be secured. All the animals should be examined for ecto and ento par- 
asites, aud the means by which they become affixed to the animals 
noted. 

Collect carefully the species of Myoiies [lemmings,) Arctomya and Arct- 
cola, so as to determine the variations with locality and season. The 
rutationship of two kinds of foxes, the blue and white, should be studied 
to determine their specific or other relationship. Any brown bears 
should be careflilly collected, both skin and skeleton, to determine 
whether identical or not with the Old World Urgua arctos. 

fiefereqce has already been made to the seals and cetaceans ; of these 
the Phoca criatata, the white whale, (Beluga,) and the Monodon are par- 
ticuhirly desired. □,3„z.dbyGoOQle 
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What has been said in regard to the mammals will apply equally well 
to the birds, skins and skeletons being eqnally desirable. It ia espe- 
cially important that the fresh colors of the bill, cere, gums, eyes, aad feet 
or caruncles, or bare nkin, if there be any, should be noted, as the colors 
of these parts all change afler the pi-eparatiou of a specimen. 

Of birds, the smaller land species are of the greatest interest, and com- 
plete series of them should be gathered. The northern niuge of the in- 
sectivorous spexiies should be especially inquired into. The arctic falcons 
should be collected in all their varieties, to ascertain whether there are 
two forms, a brown and white, distinct through life, or whether oue 
changes witli age into the other. 

Inquiry should be directed to the occurrence of Bernicla leuoopgis, 
Anser ciiiereiis, or other large gray geese, and the Camptotaimua Labra- 
dora, and a large number of specimens, of the latter especially, should 
be obtained. Indeed the geese and ducks -generally should form sub- 
jects of special esamiuation. Among the Lartdcs the most important 
species is the Lams rossii or Kkodostetkia rosea, scarcely known in col- 
lections. A large number of skins and of eggs will be a valuable ac- 
ciuisition. Larua cburneia is also worthy of being collected. TheMfcidiE 
should be carefully examined for auy uew forms, and inquiries directed 
in regard to the Alca impennU. 

Of all birds' eggs an ample store should be gathered, and the skel- 
etons of the Arctic raptores and Katatores generally, 

It will be a matter of much importance to ascertain what is the ei- 
treme uorthem range o( the coutinental species of bii-ds, and whether, 
iu the highest latitudes, the European forms known to occur in Green- 
land cross Baffin's Bay. 

Eggs and nests of birds, in as large numbers as possible, shonld be 
procured, great care being taken, however, in all cases, to identify them 
by the parents, which may be shot, and some portion, if not all of them, 
preser\-ed, if not recognized by the collector. All the eggs of one set 
shonld be marked with the same number, that they may not be scpa- 
rated ; the parent bird, if collected, likewise receiving the same number. 
It should also be stated, if known, how long the eggs bare been set 
uix>n, as incubation iafluenoes very much their color; the sitimtimi of 
the nest also is very important. Notes on the manner of nesting, local- 
ities selected, and other peculiarities of breeding, should be carefully 
kept; whether they are polygamous, whether there are struggles be- 
tween tbe males, and the manner in vbich the old birds feed their 
young; and whether these remain helpless iu the nest for a given time, 
or whether they accompany the parents from birth. A journal of the 
arrival and departure of the migratory species shonld also be kept, to 
flud out whether those which leave lat«st return earliest, and wee oeria. 

Of fishes that are obtained, the best specimens should be photo- 
graphed, the fresh colors noted, and tUeu they should be preserved in 
alcohol or carbolic acid. ,-- . 
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AmoDg the flsbes the Salmonida, Cottida, Qadida and Clupeida, wilt 
he of the most interest, and good series sliould be secured. 

The terrestrial iofeiior animal^ should be all collected, each class iu 
its appropriate way. 

Tiy to get larval of insects, and observe their life, whether they are 
w<ell adapted to their surroundings; for in proi>ortion to the insects are 
the number of iuseetivorous animals, and for that reason the struggle 
for life would be more energetic, aud therefore only those insects which 
are best adapted to the conditions will survive. 

Inferior marine auimals are usually collected by two methods, viz, 
with a pelagic net and by a dredge. Both these methods should be 
employed whenever practicable. Especial attention should be paid to 
the larvffi, of which sketches should be made. The results of the dredg- 
ing should be noted in blanks printed for this purpose, the specimens 
to be preserved as their constitution requires. Muller*8 liquor, glycer- 
ine, solution of alcohol and sugar, &c. 

It would be of peculiar interest to study the several deep regions, 
admitted by Forbes and others, to ascertain if in the Arctic regions the 
intensity of color increases with the depth, as has been stated to be the 
case with red and violet, which, if true, would be just the contrary' to 
what is observed in the temperate and tropical regions. 

Of shells two sets should bo preserved, one dry and the other with ike 
animal, in alcohol; the dry shell is necessary from the fact that the 
alcohol, by the acetic acid produced, is apt to destroy the color. 

It is particularly important to get as full a series as possible of the 
members of the smaller families, with a view to the preparation of mono- 
graphs. 

There should be paid as much attention as possible to the fauna of 
fresb-wat«r lakes, to ascertain whether they contain marine forms, as 
has been found to be the case with some of those iu ^N'orth America, 
Scandinavia, Italy, and other countries. From this, important conclu- 
sions regarding the rising of the coast may be arrived at. 

Botany. — Plants are to be collected in two ways. Of each species 
some specimens should be put iu alcohol to serve for studying the anat- 
omy; the others to be dried between sheets of blotting-paper. Tlie 
locality of each specimen should be noted, also its situation, the char- 
acter of the soil and height above the sea, the season, and whether there 
is heliotropismm, &c., &c. In the general notes there should be remarks 
on the LorizoDtal and vertical distribution. 

S. F. Baibd. 



The most important point in the collection of geological specimens — 
whether they consist of rocks, minerals, or fossils — is, that on breaking 
or digging them from the matrix or bed, each individual specimen should 
lie carefully wrapped separately in pliable but stroug paper, with a label 
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designating the exact locality from whicli it was obtained. If two or 
more beds of rock (sandstone, limestone, clay, marl, or other material) 
occur at the locality fh>m which BiieeimenB are taken, the label should 
also have a number on it correBpondiug to the particular bed in which 
it was found, as designated in a section made on the spot in a iiot«-book. 
This should be done in order that the specimens from each bed may be 
separated from those found in others, whether the beds are separable 
by differences of composition, or by differences in the groups of fossils 
found in each; and it is, moreover, often important that this care should 
be observed, even when one or more of the beds are of inconsiderable 
thickness, if such beds are characterized by peculiar fossils. For iu 
snch cases it often happens that what may be a mere seam at oue place 
may represent an important formation at another. 

Specimens taken directly from rocks in place are, of course, usu- 
ally more instmctive than those found loose ; but it often happens that 
much better specimens of fossils can be found already weathered out, 
and lying detnched about an outcrop of bard rock, than cau be 
broken from it. These can generally be referred to their plnce in the 
section noted at the locality, by adhering portions of the matris,orfrom 
finding more or less i>erfect examples of the same species in the beds in 
place ; but it is nsnally the better plan to note on the labels of such 
specimens that they were found loose, e^ecially if there are any evi- 
dences that they may have been transported from some other locality 
by drift agencies. " 

All exposures of rocks, and especially those of limestone, should be 
carefully examined for fossils, for it often happens that hard limestones 
and other rocks that show no traces of organic remains on the natural 
surfaces, (covered, as they often are, with lichens and mosses,) will be 
found to contain fossils when broken into. In cases where fossils are 
found to exist in a hard rock, if time and other circumstances x^nnit, 
it is desirable that it should be vigorously broken with a heavy hammer 
provided for that purpose, and as many specimens of the fossils as jma- 
sible (or as the means of transportation will permit) sliould be col- 
lected. 

Fossils from rocks of all ages will, of course, be interesting and in- 
structive, but it is particularly desirable that organic remains found in 
the later tertiary and quartemary formations of these high northera 
latitudes, if any such exist there, should be collected. These, whether of 
animals or plants, would throw much light on the question respecting 
the climatic conditions of the X'olar regions at, or just preceding, the 
advent of man. 

Specimens illustrating the lithological character of all the rocks ob- 
served in each district explored should also be collected, as well as of the 
organic remains fonnd in fossiliferons beds ; also all kinds of minerals. 
Those of rocks and amorphous minerals should be trimmed to as nearly 
the same size and form as can conveniently be done— say 3 by 4 inidies 
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wi^e and long, and 1} inches in tiiickuess. Crystallioe minerals oagbt, 
of course, to be broken from tbe matrix, rather with the view of pte- 
serviufc the crystals as far as possible, than with regard to the size or 
form of the hand specimens; and the same remark applies equally to 



On an overland joomey the circumstances may not always be such as 
to allow the necessary time to wrap carefully and label specimens on tbe 
spot where they were collected ; buMusnchcasesnumbers or some other 
marks should be scratched nitfa tbe point of a knife, or other hard- 
pointed instrument, ou each, by means of which tbe specimens collected 
at different times and places dming the march can be correctly sepa- 
rated, labeled, and wrapped when tbe party stops for rest 

All specimens should be packed tightly in boxes as soon as enough 
have been collected to fill a box, and a label should be attached to each 
box indicating tbe particular (Ustiict of country in which tbe collections 
were obtained. For tbis purpose empty provision boxes or packages 
can generally be nsed. 

lu examining sections or exposures of rocks along a shore or else- 
where, it is a good plan to make a rough sketch lu a note-book, thus : 

Section 1. 
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Then on the same or following pages, more piu-ticalar descriptions of 
the nature and composition of the several beds should be written, re- 
ferring to each by its number. Sections of this kind should be num- 
bered 1, 2, 3, and so on, ia tbe order in which they were observed, and 
the specimens from each bed ought also to be numbered on its label so 
as to correspond. That is, specimens &om the lowest bed of the first 
section should be, for instance, marked thus : " Section ^o. 1, bed Ko, 
1," and so on. Tbe name of tbe locality, however, sboold also, as 
already suggested, be written ou tbe labels as a provision against the 
possible loss of note-books. 

It generally happens that an outcrop xrill show only a part of the 
beds of which it is composed, thus: 



^d by Google 



384 EXPEDITION TOWABD THE NOETH POLE. 



> 


Dneipoaed. 


\ 10 feet 


8 tout. 




< 


Llm«t«ie. 


1"- 




' 








■ 


Iin,«t™e. 






II tteU 


' 





lu such a case tbe facts sboiild be noted exactly as seen, witboat aoy 
attempt to guess at the nature of the material that may fill the unex- 
posed places ; but, generally, by comparing different sections of this 
kind taken in the same region, tbe entire structure of a district may be 
made out. 

Tbe dip and strike of strata should also be carefully observed and 
noted, as well as the occurrence of dikes or other outbursts of igneous 
rocks, and the effects of the latter on the contiguous strata. 

All evidences of the elevation or sinking of coasts should likewise be 
carefully observed and noted. 

Esi>ecial attention shoold be given to glacial phenomena of every 
kind, such as the formation, size, movements, &c., of existing glaciers, 
their abrading and other effects upon the subjacent rocks, their forma- 
tion of moraines, &c. ; also, the formation, extent, and movements of 
icebergs, and their jwwer of transpor^ng masses of rock, &c. 

At Cape Frazer, between latitude 60° north and longitude 70° west. 
Dr. Hayes found some upper silurian fossils in a hard gray limestone. 
This rock doubtless has a rather wide extension in the country referred 
to, as other explorers have brought Silurian fossils from several localities 
farther southward and westward in this distant northern region. Should 
tbe party visit tbe locality from which Dr. Hayes collected his specimeus, 
it is desirable that as complete a collection as possible should be ob- 
tained, as most of those found by Dr. Hayes were lost. 

For making geological observations, and collecting geological speci- 
mens, verj' few instruments are required. For determining the elevatioDS 
of mountains, and the general altitude of the country, a barometer ia 
sufficiently accurate. For local elevations of less extent a i)ocket-level * 
(Locke's) should be provided. Tape-lines are also useful for measuring 
vertical outcrops, and other purposes ; and a good pocket-compass is 
indispensable. The latter should have a clinometer attached. 

A good supply of well-tempered cast-steel hammers should also be 
provided. They should be of various sizes and forms, and ought to be 
made with large enough eyes to receive stout handles, of which a good 
number, made of well-seasoned hickory, should be prepared. Chisels 
of different sizes should also be prepared of well-tempered steel. 

A pouch of leather or stout canvas, with a strap to pass over the 
shoulder, will be found useful to carry specimens for short distances. 

F. B. ME£e. 
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The progress of oar kaowledge of glaciers has disclosed two sides of 
the aabject entirely disconDected with one another, and reqairing dif- 
ferent means of investigatioD. The study of the structare of glaciers as 
they exist now, and the phenomena connected with their formatioD, 
maintenance, and movement, constitute now an extensive chapter in the 
physics of the globe. On the other hand, it has been ascertained that 
glaciers had a much wider range during an earlier bnt nevertheless 
comparatively recent geological period, and have produced during that 
period phenomena which, for a long time, were ascribed to other agencies. 
In any investigation of glaciers now-a-days, the student should keep in 
mind distinctly these two sides of the subject He ought also to remem- 
ber at the outset what is dow no longer a mooted point — that, at differ- 
ent times during the glacial period, the accumulations of ice covering 
larger or smaller areas of the earth's surface have had an ever-varying 
extension, and that whatever facts are observed, their value will be 
increased in proportion as the chronological element is kept in view. 

From the physical point of view, the Arctic expedition, nuder the 
command of Captain Hall, may render science great service should Dr. 
Bessels hare an opportunity of comparing the present accumulations of 
ice in the Arctic regions with what is known of the glaciers of the Alps 
and other mountainous regions. In the Alps the glaciers are fed from 
troughs in the higher regions, in which snow accumulates during the 
whole year, bnt more largely during winter, and by a snccession of 
changes is gradually transformed into harder and harder ice, moving 
down to lower regions where glaciers never could have been formed. • 
The snow-like accumulations of the npper regions are the materials ont 
of which the compact transparent brittle ice of the lower glaciers is 
made. Whatever snow falls npon the glaciers in their lower range 
dnriug winter, melts away during summer, and the glacier is chiefly fed 
from above and wastes away below. The water arising from the melt- 
ing of the snow at the surface contributes only indirectly to the internal 
economy of the glacier. It would be superfluous here to rehearse what 
is known of the internal structure of glaciers and of their movement ; it 
may be found in any treatise on glaciera. Kor would it be of any avail to 
discuss the value of conflicting views concerning their motion. Suffice 
it to say that an Arctic explorer may add greatly to our knowledge by 
stating distinctly to what extent the winter snow, falling npon the sur- 
face of the great glacial fields of the Arctic, melts away daring snmmer 
and leaves bare an old icy surface, covered with fragments of rock, sand, 
dust, &c. Such an inquiry will teach us^iu what way the great masses 
of ice which pour into the Arctic Ocean are formed, and how the supply 
that empties aunaally into the Atlantic is replenished. If the winter 
snows do not melt entirely in the lower part of the Arctic glaciers during 
summer, these glaciers must exhibit a much more regular stratification 
than the Alpine glaciers, aad the successive falls of snow must in them 
25 s 71 
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be iodicated more diatinctly by layers of sand and dust than in those of 
the Alp3 by the dirt bands. Observations concerniDg the amonnt of 
waste of the glaciers by evaporation or melting, or what I have called 
ablation of the surface during a given time in different parts of the year, 
would also be of great interest as bearing upon the hygrometric con- 
dition of the atmosphere. A pole sunk sufficiently deep into the ice to 
withstand the effects of the wind conld be used as a meter. But it 
ought to be sunk so deep that it will serve for a period of many months, 
and rise high enough not to be buried by a snow-storm. It should also 
be ascertained, if possible, whether water oozes from below the glacier, 
or, in other words, whether the glacier is frozen to the ground or sepa- 
rated from it by a ebeet of water, , If practicable, a line of poles should 
be set out with reference to a rocky peak or any bare surface of rock, ia 
order to determine the motion of the ice. It is a matter of deep interest 
with reference to questions connected with the former greater extension 
of glaciers, t^ know in what manner flat sheets of ice move on even 
ground, exhibiting no marked slope. It may be possible to asq^rtaia, 
after a certain time, by the change of position of poles sunk in the ice, 
whether the motion follows the inequalities of the surface, or is deter* 
mined by the lay of the land and the exposure of the ice to the atmos- 
pheric agents, heat, moisture, wind, &c. It would be of great interest 
to ascertain whether there Is any motion during the winter season, or 
whether motion takes place only during the period when water may 
trickle through the ice. The polished surfaces in the immediate vicinity 
of glacier ice exhibit such legible signs of the direction in which the 
• ice moves, that wherever ledges of rocks are ext>osed the scratches and 
furrows npon their surface may serve as a sure register of its progress; 
but before taking this as evidence, it should, if possible, be ascertained 
that such surfaces actually belong to the area over which the adjoining 
ice moves daring its expansion, leaving them bare in its retreat. 

The geological agency of glaciers will no donbt receive additional 
evidence from a careful examination of this point in the Aretio regions. 
A moving sheet of ice, stretching over a rocky surface, leaves anch un- 
mistakable marks of its passage that rocky surfaces which have once 
been gladated, if I may thus express the peculiar action of ice upon 
rocks, viz, the planing, polishing, scratching, groovingrand furrowing 
of their surfaces, can never be mistaken for anything else, and may 
everywhere be recognized by a practiced eye. These marks, in-connec- 
tion with transported loose materials, drift, and bowlders, are nnmis-- 
takable evidence of the great extension which glaciers once had. But 
here it is important to discriminate between two seta of facts, which 
have generally been confounded. In the proximity of existing glaciers, 
these marks and these materials have a direct relation to the present 
sheet of ice near by. It is plain, for instance, that the polished sarfaces 
about the Grimsel, and the loose materials lying between the glacier of 
the Aar and the Iloapice, are the work of the glacier of tbo Aar wheu it 
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extended beyond its present limits, and step by step its greater exteo- 
sioQ may be traced down to Meyringen, and, in connection with other 
glaciers fl-om other Talleys of the Bernese Oberland, it may be tracked 
as far as Thau or Berne, when the relation to the Alps becomes compli- 
cated with features indicating that the whole valley of Switzerlaud, 
between the Alps and the Jura, was once occupied by ice. On the other 
hand, there are evident signs of the former presence of local glaciers in 
the Jnra, as, for iustance, ou the Deut de Vaulion, which mark a later 
era in the history of glaciation in Switzerland. Now the traces ol the 
former existence of extensive sheets of ice over the continent of North 
America are everywhere most plainly seen, bat no one has yet under- 
taken to determine in what relation these glaciated surfaces of past ages 
stand to the ice-fields of the present day in the Arctics. The scientific 
men connected with Captain Hall's expedition would render science an 
imi>ortant service if they could notice the trend and bearing of all the 
glacial scratches they may observe upon denudated surfaces wherever 
they land. It would be advisable for them, if possible, to break off 
-fragments of such glaciated rocka and mark with an arrow their bear- 
ing. It would be equally important to notice how far the loose materials, 
pebbles, bowlders, &c., differ in their minoralogical character from the 
surface on which they rest, and to what extent they are themselves 
polished, rounded, scratched, or furrowed, and also what is the natnre 
of the clay or sand which holds them together. It would be particularly 
interesting to leam how far there are angular bowlders among these 
loose materials, and what is their position with reference to the com- 
pacted drifb made op of rounded, polished, and scratched pebbles and 
bowlders. Should an opportunity occur of tracing the loose materials 
of any locality to some rock in sHu, at a greater or less distance, and 
the natnre of the materials should leave no doubt of their identity, this 
would afford an invaluable indication of the direction in which the loose 
materials have traveled. Any indication relating to the differences of 
level among such materials would add to the value of the observation. 
I have purposely avoided all theoretical considerations, and only called 
attention to the facts which it is most important to ascertain, in order 
to have a statement as nnbiased as possible. 

L. Agassiz. 
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UTDIAN M0UXD9 NEAR FORT WAD8V0BTH, DAKOTA TERBITORT. 



Indian moonds of the larger size ^ere probably designed as ceme- 
teries. They are located generally on a terrace, knoll, or elevation, at a 
convenient distance Irotn the water. 

It has been a custom of the American Indian, from time immemorial, 
to deposit the remains of the dead upon bnrial-seatfolds or suspend them 
from trees. At stated periods the bones were gathered together and 
iiitoired. Among the Dakotas the custom has been, when a member of 
the tribe dies, after the autumnal leaves have falleu, to deposit the re- 
mains upon a scaffold, not to be removed until the leaves have nnfolded 
in spring, aiJd if a death occur after the leaf-buds have burst, the re- 
mains of the dead are likewise deposited, not to be removed until the 
leaves have faUen in autumn. When a member of the lodge of the 
"f;Tand medicine" dies, the removal of the remains from the burial- 
scaffold, and their interment, is attended with a grand " medicine dance," 
and the initiation of a new member to fill the vacancy. 

A solitary mound, occupying an elevated position upon the rolling 
prairie, near the eastern shore of a beautifnl lake, was first selected for 
exploration. This site was chosen by the " mound-bnilders " evidently 
for its nchuess in those associations in which men in their primitive 
simplicity of customs especially delight. In every direction, except the 
west, as far as the eye can reach, lay stretched out the broad prairie 
of Dakota, upon which it was impossible for an enemy to lurk or a 
bn^lo to range anperceived. By a gradual and almost aniform descent 
of a quarter of a mile, the largest of Kettle Lakes may be reached, 
abounding in fish and, at the appropriate season, water-fowl of the 
choicest variety, as game. Within a quarter of a mile of the shore is an 
island, about a mile in circumference, heavily timbered, the favorite re- 
sort of wood-ducks and cormorants during the period of incubation. 
Trees support the nests of the former in great numbers ; geese, brant, 
and swan are wont to feed here in antumn, on their journey southward. 
It seems but reasonable that an elevated site possessing such advan- 
tages for the living savage should be selected as the place of deposit for 
Lis bones, especially when we reflect that among the aborigines there 
was prevalent an almost universal belief in the existence of a spirit 
which had intrusted to its charge the guardianship of the remains of 
the deaO ; consequently, a spot the most eligible on account of the 
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beauty of its sceoery aodtbeaccessibility togama^ importaat desiderata 
to tbe livinfT, was deemed tbe most suitable for tbe bauuts of the 
spirits of tbe dead. 

Tbe mound selected for exploratioii, east of Kettle Lakes, fol* coDveo- 
ience of reference, is termed Ko. 1. 0poB and arouDd it for several 
feet were strewn bnmau bones of every stage of development and of 
either sex. The external appearance of this ancient stracture bore tbe 
most nnmistakable evidence of tbe purpose for which it was intended — 
a receptacle for the remains of tbe dead ; bat from this purpose it had 
been perverted by the fox of the prairie, which had burrowed witbin it, 
removing bonea and other obstacles in the way of constructing its lair. 

The form of this mound, like others of the class, was that of the frus- 
tum of a cone, the diameter of whose base measured fifty feet, that of 
its superior plane thirty feet ; the height of the latter was three feet. 

Almost covered with earth, I found a hornblende bowlder, of an 
irregular discoidal shape, divided into two unequal sections by a vein of 
granite three-quarters of an inch thick. This stone marked the center 
of the mound. I drew two lines in the direction of the cardinal points 
of tbe compass, quite across the mound, iutersecting each other at this 
^toue, and dividing tbe mound into four equal sections, which are desig- 
nated for convenience of reference as the northeast, southeast, north- 
west, and southwest, resi)ectively. 

I commenced digging into the northeast and southeast sections, 
jemoVing the earth, stratum by stratum, observing and noting objects 
of interest as they appeared. In the southeast section I found witbiu 
eighteen inches of the surface two incomplete skeletons lying upon their 
sides, facing each other, their feet directed to the east, their beads 
witbin six inches of each other. One of these skeletons was that of a 
male, the other that of a female; though apparently of young persons, 
they were fully developed. The earth surrounding these was less 
compact than elsewhere found in tbe mound, was of a homogeneous 
character, of a dark color, and furnished no protection to the bones 
against moisture, from which I infer that tbe interment was intrusive, 
and made by a tribe occupying the country since the dispersion of the 
mound-builders. 

The most southern portion of the southeast section of this mound 
was a locality of great interest; it is designated in my invoice of con- 
tributions to the Museum as " locality A." 

While sinking an excavation to the depthof about four feet, tbe atten- 
tion of one of the party was attracted by tbe appearance of a smtdl 
quantity of black, dry, pulveruleut earth, which, being examined, was 
found to be in close proximity to some stone, between which an ai>er- 
ture was found large enough to receive tbe band, but as fast as the hand 
was withdrawn tbe space was again filled with the same pnlvemleot 
dust My impression was that the aperture communicated with the 

indiag earth 
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removed with great oore without disturbiog tbe etohes. Tbis structure 
proved to be n work of rude masoory, tbree feet long, eigfateeu iuches 
wide, aad two and a lialf feet higb, inclosing a rectangular space. Tbe 
stones used for tbis purpose were the undressed bowlders of the prairie, 
from eight to twelve inches in diameter, and were sustained in posi- 
tion by earth banked around tbe wall externally without the appearance 
of the use of lime or mortar. 

Ill this were found tbe imperfect skeletons of a female and child, whose 
attitude would indicate the relation of the former as that of mother or 
nnrse to the latter. The posture of each was thatof sitting — themother 
npou tbe door and the child upon her lap, supported by her right arm. 
Indian women, at the present day, in seating themselves draw their 
beels close to their nates and bring tbe. knees quite close to the door, 
either upon tbe right or left side ; such had been the disposition of tbe 
lower extremities of tbe mother interred by tbe mound-builders. Tbe 
masonry bad formed a support for the thorax of both mother and child, 
both of whom bad beeu placed fiicing the east, the body of the child 
slightly incliued to the mother. The cranium of the latter had fallen to 
the pelvis ; that of tbe former was resting procumbent upon tbe thorax. 
Amidst tbe black pulverulent dust with which the monnd-buitders were 
wont to surround tbe remains of their dead, upon tbe floor, within the 
cavity of the pelvis, and around it, I found a number of tbe bones of a 
ftetus. Tbe lower Jaw was divided at its median symphysis ; a parietal 
bone, scarcely thicker than paper, bad thrown out its osseous matter 
from tbe parietal protuberance in radiate lines; a humerus of not a 
finger's length, and proportionately slender and delicate, was picked up 
among other boues of this iuteresting locality. My Indian party having 
observed every object of interest with the closest attention, were able 
to distinguish human boues from those of animals and to designate 
their places in the skeleton. One of these, struck by tbe analogy of the 
foetal bones to those of the adult, placed bis baud upon his abdomen 
apd exclaimed, " Papoose eik ciatina," (a very small infant.) 

Immediately behind tbe mason work above described, that is, to tbe 
west of it, was found a triangular space, iu which was placed a number 
of bones, chiefly those of the upper and lower extremities, a few verte- 
bne and ribs, crania, &c. ; these had been apparently thrown iu promiscu- 
ously, as if from disarticulated limbs ; those of the upper and lower 
extremities in a state of extreme flexion, probably with a view to econo- 
mize space, as though the sole object bad been to preserve the bones from 
destruction and remove them from sight. The relative position of the 
partswotildindicatethatnotruuk was entire; in one place was deposited 
the pelvis and lower extremities, without the small boues of tbe feet, 
in another, tbe lower extremities without tbe pelvis; in another, the 
thorax and part of the spinal column; in another, the thorax and uppei 
extremities ; here a right arm bad been deposited, having been severed 
from tbe trunk at the shoulder-joint ; there a left lower extremity with 
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tbe bones of the pelvis. I can only accoaat for this separation of parte 
on tbe snpposition that, in most instances, the remains had been gath- 
ered ia for interment from borial-scafiblds after many months of exposara, 
especially since tbe small bones of tbe hands and feet in almost every 
instance were wanting. "So implements of any kind were fonnd in this 
locality and no bones of animals except the skall of a beaver. The earth 
iu part of this mound had not been disturbed by the inroads of animals; 
although this skull was in close proximity to a collection of human bonea. 
At the time, and for months after, I was nnable to account for the 
presence of tlie skull of this rodent in a human sepulchre. Upon careful 
examination of this object of interest I perceived that the foramen mag- 
num had been enlarged, its margin having been broken away by ao 
agency directed by more intelligence than tbe lower animals possess. 
The object, of course, had been to extract the brain, bat why extract the 
brain from tbe skull of a beaver for deposit with the remains of the 
dead 1 Xo satisfactory Answer to these inquiries suggested itself to me 
until by accident I obtained a bag of au ex-member of the " grand medi- 
cine lodge;" this consisted of the skin of a beaver, the claws and skull 
remaining attached, the posterior walls of the latter having been re- 
moved with the soft parts. The skull in question, then, was, in my 
opinion, tbe undecomposed part of a medicine-bag. 

The bones in the triangular space, like tbe skdetons of the mother 
and child, were surrounded by a layer of dark pulverulent carbonaceons 
earth, constitnting a stratum of the mound, one foot in thicknesa, sor- 
mounted by a layer of undressed bowlders, placed in as close proximity 
as possible without cement or mortar. The superincumbent earth re- 
moved from the layer of stones, its sides measured five, seven, and nine 
feet respectively, and running in the direction in the order of tbe above 
numbers, starting from the work of masonry as the southeastern angle, 
west of north, south of east, and due south to the point of starting. 
The floor of the mound, which constituted the floor of the triangle, was 
composed of clay of a wonderful cohesive property, and so compact that 
it could only be broken with violent blows of tlie pick. It had the 
appearance of having been baked, and yet there were no cracks in it as 
one would expect to see, produced by shrinking during the process of 
drying; it was quite smooth and level and bore the appearance of hav- 
ing been finished prior to drying with a coating of clay in a plastic state, 
and smoothed with tbe hand or some rude snbstitntc for a trowel. While 
tbe exploration of this mound was being prosecuted I was present in 
person, and when an object of interest was found my attention was 
immediately called to it. The earth was removed from it with great 
care, in order that its position might not be disturbed ; if it was sar- 
ronnded with a pulverulent earth, it was brushed away with a wisp of 
prairie-grass or a very fine bruah-broom ; if the earth was compact, it 
was carefully cut away with a knife, and the object chiseled out. Sin- 
gular as it mny seem, only the southeast section of this mound con- 
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tained any bones or other objects of interest worthy of note ; the earth 
was removed &om the remaiuing three sections within the circnmference 
of the snperior plane of the inonnd perpendicularly down to the floor, 
and the margin beyond, though not wholly removed, was examined in 
several places. The work, thus far completed, I directed several excava- 
tions, sbont three feet in circumference and as many deep, to be made, for 
the pnipoae of aseertainiDg the deeper stmcture of the monnd. In every 
instance the material proved to be one homogeneous mass of dry, com- 
pact clay. In one of three excavations a few feet to the south of the 
masonry, and about afoot and a half below the floor, was fonnd a cranium, 
which, on other bones of the same skeleton being exposed to view without 
their relations being distarbed, proved to be of an aged man. Few of 
these bones, chiefly those of the hands and feet, were wanting; the pos- 
ture was that of sitting, with tlie body inclining forward and face directed 
to the east. I have seen Indians in council, or absorbed in earnest 
thonght, assume a posture not nnlike the one here represented. The 
thorax had been slightly compressed by the superimposed mass of earth. 
On the cranium and tibia I observed several small bony tumors of an 
almost pearly whiteness and great hardness, the largest about the size 
and shape of a half of a pea. These tamors which are called in surgery 
exostoses, are most generally the result of syphilis, though they may be 
attributed to other causes. A flue specimen of united fracture of one of 
the femurs was obtained from this skeleton, showing, from the amount of 
shortening, the obliquity of the axis of the fragments, and the ill-adjust- 
ment of the fractured ends, how much these people stood in need of 
surgical skill. 

The interment in the triangular space must have been a contemporary 
act with that of the construction of the mound, soalso, in all probability, 
that within the work of masonry, while the burial of the aged man 
beneath the mound floor, uusnrronnded with pulverulent carbonaceoas 
earth, must have a dat« anterior to its construction. These facts are 
predicated upon the observation of the undisturbed condition of the 
superior strata of clay and black surface-mold of which the mound was 
composed. The habits of nomadic and uncivilized races afford them but 
limited facilities for preparing their food; their viands are usually broiled 
npon the live coals and eaten with theadherent ashes. Trituration being 
performed almost entirely by the teeth, these importantorgans of diges- 
tioD are worn down to a common level at an early age. The tubercles 
of the nkolars, the points of the cuspids, and the cutting edge of the 
incisors are worn down by attrition to tbelevel of one common plane. The 
teeth of the mound-builders differ not the least in this particular from 
that of modem American Indians who still adhere to their nomadic life. 

Sampgtn^s group of mounds. — On a knoll or elevation from fifty to one 
hundred feet above the water level, and sloping gradually to it at a 
distance of a quarter of a mile, is situated an interesting group of ten 
mounds, which for several years have borne the name of Hampson's 
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MouQds, ill liouor of ]^IaJot HampsoD of the Teutb United States Infun- 
try, the present commander of the poet. 

Of this camber two are particularly conspicuous, bcinjr nearly double 
the height of the rest and situated between them aod the brow of the 
knoll; eachisinformof the frustum of a cone, the usna! shape of moands 
in this vicinity. The measurement of the flrat is as follows : diameter 
of base fifty-five feet, diameter of superior plane thirty -five feet, perpen- 
dicular height, measnred on one side, four feet, and six feet on the other ; 
this difi'ercnce is owing to the ground on which it is located sloping 
slightly to the lake. The measurement of the second mound is as follows : 
diameter of base fifty feet ; diameter of superior plane, twenty feet ; 
height of superior plaue, five feet. 

Tears ago animals have made inroads into the first of these mounds, 
carrying out fragments of humiin hones ; their burrows now, however, 
are caved in, destroyiug its otherwise symmetrical appearance. The 
second mound was explored by mo ; all that iwrtion of the mound being 
removed perpendicularly beneath the superior plane. Id its center were 
found three imperfect skeletons whose crania wfire lying near togetheF. 
They had evidently been buried with tbeir feet in the direction of three 
cardinal points of the compass, one to the east, one to the north, the 
third to the west, two npon their sides, the third upon its back. A flat 
stone had formed a pillow for the three. Surrounding the bones was a 
stratum of black pulverulent carbonaceous earth, whose thickness was 
twelve inches i this was not different from the same found in Mouud No. 
3, and in every sepulchral mouud subsequently explored. I found in two 
or three spots of this layer an impalpable bnfl-colored powder, evidently 
the remains of some decomposed wood used in interment. Some distance 
from these skeletons, and a foot above them, was found a single cranium 
lying npon its side, beneath a few spinous processes of the vertebra of 
a buffalo. Here and there, in the upper stratum of the mound, I foand 
the skulls of the musk-rat, skunk, prairie-wolf, and other small anitnals, 
without the other bones of tfie carcass; these had been most probably 
attached to medicine-bags. The structure of this mound was essen- 
tially the same as that of all the sepulchral mounds explored by me, 
except Ko. 1, and consisted of four strata. The first or uppermost layer 
was three feet thick, and was composed of a black, moist, adhesive vege- 
table mold, not difiering much' from the surface-soil of the prairie except 
that it was a little darker in color, contained a little more moisture, and 
was more adherent to the shovel. The second layer was a foot thick, 
and consisted of a black, dry, pulveralent carbouorceous matter, in which 
human bones are usually found. The third layer was also a foot thick, 
and consisted of a siliceous loam. The fourth layer was a concrete com- 
posed of gravel and lime, and varied in thickness, as was required to 
make the upper surface quite horizontal. The two last layershad proba- 
bly been dried in the sun and afterward burned. 

On a line running nearly east and west, and about sixty feet further 
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from the lake, nearly parallel with the one joining tbe center of the 
priDcipal mouudB, are situated eiglit mounds smaller iu dimensions and 
less conspicuous in appearance. Ono of tliese, whose diameter was 
twenty-five feet at base aud fifteen feet at its superior plane, and whose 
perpendicolar height was two feet, I opened at the same time of explor- 
ing the one previously described ; it proved to be, nnlike No. 2, destitate 
of strata, but composed of one homogeneous mass of surface-soil. At 
tbe depth of two teet was a stratum of clay three inches thick, very bard 
and compact. On this stratum, at its center, wore found charcoal and 
ashes, but no bones. 

I could explain this strnctnre only on the supposition that a circular 
hut bad once beeu located there, with a clay floor, with a fire-place in its 
center. Around the sides of tbe hut the earth had beeu banked, and when 
abandoned by its inmates tbe perishable portion had been removed, or, 
remaining undisturbed, had decomposed ; the embankments had settled 
both internally and externally, and tbe center of the habitation had filled 
up to the common level of its sides. That a circular earth-walled hut, of 
suitable dimensions, will assume the form of a frustum of a cone is 
shown by the group of small mounds which a few years ago might be 
seen near Saint Paul, where the once celebrated Black Dog's village 
stood. The remains of such huts I propose to caMdomiciUary tumuli, ia 
contradistinction to those of iilarger size, with four characteristic strata, 
constmcted for the purpose of interment. 

The third mound of this group had a diameter of forty feet at base ; 
that of its superior plane was fifteen feet, and its perpendicular height 
was two and a half feet. This mound showed a want of regularity iu 
the circumference of its Bui>orior plane aud that of its base, as well as 
tbe slope of its sides, and apparently bad been the remains of a hut 
whose form had been a rectangle, with earth banked around its sides 
several feet high. The perishable part had been removed ; its embank- 
ments settled, l)oth externally and internally, and its central portion, 
though slightly depressed or cnp-shaped, had nearly filled to the com- 
moD level of its sides. A few inches below the surface I found the boqeS 
of tbe thorax, with upper extremities, t» situ, as when interred, the ex- 
ternal surface of the sternum directed upward, and to the east the 
cervical vertebra, not a foot below the surface. Tbe axis of the thorax 
incUned to the horizon at an angle of about forty degrees; the bones of 
the lower extremities were entirely wanting. This mound was also des- 
titute of the four characteristic strata which I found in Mound So, 2 
and others afterward examined, from which it may be inferred that the 
burial was intrusive and by a more recent tribe, aud that the mound 
was one of the domiciliary class. A stratum of clay, four inches thick, 
constituted the door. Beneath the door was found the skull and thigh- 
bones of an aged man. These bones among civilized men have emblem- 
atic significance. Can it be for a like reason the savages had deposited 
them in a place as secure as possible! The remaining mounds in this 
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ioterestiug group, from location, size, and general appearance, may be 
regarded as of the domiciliary class, and ttiey vary in dimensionB, tbeir 
liaBes being in diameter from twenty to tbirfy-flve feet, their saperior 
planes being from flfteen to twenty-five feet, the height of the latter 
from one to two feet ; they are located in a line at distances of fix)m 
thirty to sixty feet apart. 

On the west side of Kettle Lakes, about a mile and a half distant 
from the post, is a group of three mounds whose dimensions are as fol- 
lows : diameter of base, sixty feet ; diameter of superior plane, forty 
feet; height of snperior plane, three feet. 

In one of these the recent interment of the remains of an Indian 
child had taken place ; another of these I explored, removing all the 
earth fonnd perpendicularly beneath the superior plane. The monnd 
proved to belong to the sepulchral class, and was composed of the fonr 
characteristic strata as were found elsewhere, viz, first, a stratum of 
surface-soil two feet thick ; second, a stratum of dry pulverulent car- 
bonaceous matter one foot in thickness; third, a stratum of siliceous 
loam, bearing evidence of exposure to high heat, very dry and compact; 
fourtii, a stratum of concrete one foot thick composed of clay contain- 
ing a slight admixture of lime; both of these latter strata api)ear to 
have been subjected to a high degree of heat, being very dry and com- 
pact in structure, and so great is the coheaiveness of the particles that 
, it requires smart blows of the pick to remove them. The shovel or 
spade makes no more impression upon the strata than upon a closely 
cemented pavement of bricks. 

It would seem that tiie third and fourth layers of the monnd had been 
leveled off singly, and an enormous pile of wood had been buined upon 
each for the purpose of baking it, and the ashes had been gathered np 
and sifted to remove the charcoal. An excavation ten or twelve inches 
deep, three feet in circumference, had been made in the third layer of 
this mound, in which had been deposited the bones above mentioned. 
The sides and bottom bear the impressions of a, pointed instrument, not 
unlike those made by a pick. The implement used probably was a 
sharpened stake, such as I have seen the Dakotas nse in spring to dig 
tipnnna, or Dakota turnips. The bones found here bad been diverted 
of their soft x>aits and were piled in very compact cross-layers ; they 
were as follows, none of them perfect, however, viz : two inferior maxil- 
lary bones, a number of fragments of a cranium, a number of frag- 
ments of a pelvis, six femora, four tibiie, four fibula, three nlniB, two 
radii, and one scapula. I also obtained about a peck of fragments of 
decayed wood, which had scarcely enough cobesiveness existing to 
enable it to retain its form, and yet the bark remained adherent 
Each stick must have been five feet long and three inches thick. The 
wood was found between the first and second layer, surmounted by a 
number of large undressed bowlders in immediate proximity to it. It 
bears no mark of implements upon it, except that it has been split, and 
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most of it appears by its rings of auiialitr growth to be the part of a 
trunk of a large tree. 

I presame it la of a species of oak still growing in this viciBity in the 
ravines and places protected by their water surroundings from prairie 
fire. As a general rule, the mound-builders were wont to cover with 
wood or stone that portion of the second layer immediately enveloping 
the bones. 

On a ridge, elevated ten or fifteen feet above the surface of the lakes, 
and within one-half of a mile from the i>ost, and a few hundred feet 
irom the water, is a group of eight mounds, whose dimensiaus are as fol- 
lows: diameter of base, sixty feet ; diameterof superior plane, forty-five 
or fifty feet ; height of superior plane above the surface of the prairie im- 
mediately surrounding it, three li^et. I explored one of this group and 
found its structure to be identical with the last described, that is, to 
be composed of four characteristic strata, the latter two bearing evidence 
of exposure to high heat. This mound, and apparently the whole group, 
bad evidently been constructed for sepulchral purposes; asligbfex- 
cavation bad been made iu the fourth layer to receive the bones 
which were as follows: four inferior maxillary, fourteen vertebne, nine 
Bcapnlie, nine hameri, nine ribs, nine uIusb, ten osssa innonunatie, fifteen 
femora, thirteen tiblse, and eight fibulce. These were arranged in cross- 
layers, so as to occupy the least possible amount of space, and within a 
compass of three feet. They had been divested of their soft parts prior 
to interment, as was evident from their relative position. The radiua 
was invariably found without the ulna to match, the tibia withoat the 
fibula. The ends of bones which vould have been in proximity, if not 
disartioulated, were never found so; neither the bead of the humerus' 
nor the head of the femur was ever found in its socket. A number of 
the twues found here bad been gnawed by mice or prairie-gopbers. 

On the south side of the post, and within one or two hundred feet of the 
sally-port, is a sepulchral mound, the diameter of whose base is be- 
tween forty-five and fifty feet, that of Its superior plane thirty and forty ^ 
the height of the superior plane, above the surface of the immediately 
surrouudiag prairie, is about two and a half feet. On the road to Fort 
Abercrombie, about a mOe and a half irom the post, upon a ridge aris- 
ing about forty feet above the surfitce of the a^jaeent lakes, of which 
there is ono on either side, is situated a group of seven mounds, all of 
which may be regarded as of the sepulchral class, and do not differ in 
size and appearance from those previously described. 

Three miles Cirum Fort Wadswortli, in a direction a little east of north, 
□poD a bill sixty feet above the surface of an adjacent lake, and sloping 
quite to its water's edge, is a group of seven mounds, two of which belong 
to the sepulchral class. The dimensions of ooe of these are as follows: 
diameter of base, sixty feet; diameter of superior plane, fifteen feet; 
height of superior plane, above the sloping hill-side, on which the 
mound is situated, from four to eight feet. These mounds sustain th^ 
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same relative position to each other as those of Hainpson'a gronp, viz: 
two near the brow of the hill, with the remainiog six in a liiie nearly 
parallel to one joining their centers. The six are about a hundred and 
fifty feet farther from the lake, and, judging from size and appearance, 
belong to the domiciliary class ; they vary from thirty to forty feet ia 
diameter at ba^, and are about sixty feet apart, and may be regarded 
in a line as nearly straight as Indians are wont to construct their huts. 

On a strip of land adjoining the fort on the west, and between two 
lakes, arc situated ten or twelve mounds. Upon a ridge, one-qnarter of a 
mile in length, at various distances from each other, seven of them are 
located ; the others occupy knolls which, from their elevation and prox- 
imity to water, seemed to the builders to furnish the most eligible sites. 

The dag-staff of this post was planted in an Indian mound, occupying 
the center of the parade, and human bones were thrown out during the 
process of excavation. Another mound formerly stood in front of one 
of the barracks. Both now are leveled off and the locality overgrowa 
with grass. 

MOUNDS, FOETIFICATIOMS, ETC., FOUND IN OTHER TICINITIES. 

There is an interesting group of mounds on the nortb shore of White 
Bear Lake, near Glenwood, Pope County, Minnesota. 

On a terrace arising by a gradual slope from the former bed of a river, 
and near the residence of the present ludian agent, is situated an inter- 
esting group of Indian mounds, two of which, from size and appear- 
ance, may be regarded as of the sepulchral class. 

Mounds occurring both in gronps and solitary may be seen on knolls 
at various distances from each other, on the shores of Lako Traverse, 
one of which is known to contain human bones, and is surrounded on 
every side except one by Indian fortifications ; this side is protected 
from attack by the lake, from whose waters the bank arises almost per- 
pendicularly. 

Aboat eighty miles from Fort Wadsworth, on the road to Fort Steven- 
son, is a hill of natural formation about thirty feet in height, some- 
what conical in shape, bearing in the Dakota language the name of 
Hu-hu Pa-ha, (Bone Rill.) The sides of this hill are paved with bones, 
of a certain kind, obtained from the legs of buffaloes. Walks leading 
in different directions to the distance of several hundred feet are paved 
with the same bones placed end to end and two courses in width. Hie 
hill commands an extensive range of vision, and has been used by the 
Cheyennes as a point of observation. 

Indian fortifications resembling rifle-pits are said to be found, fltst, 
near this post ; second, near Lake Traverse, a short distance from tJie 
residence of Major Brown; third, on the Yellow Medicine, near where 
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tbe "upper agency" formerly stood. Arrow-heads, mnacle-sbeUs, and 
occasionally implements of bone and stone were formerly foand in tbis 
locality. 

Indian pottery, in Edition to being found at this post, is said to be . 
found also on tbe Coteaa dn Prairie, abont thirty miles IJrom this post. 

On a granite rock situated upon a bill abont a nule or two distant 
from the residence of M^or Brown ate to be seen what is called Wa-kin- 
yon Otce, (the track of thunder,) and regarded by the Indians as a super- 
natural phenomenon. Two tracks of a bird, as they regard them, are 
impressed upon the rock, each having three anterior toes aud one pos- 
terior. The tracks are about six inches long, eaeh line representing a 
toe, not more than one-eighth of an iuch wide ; their origin is clearly 
artificial and may be explained ou the supposition that centuries ago, 
with a piece of dint, some member of the Cheyenne Ifation has exercised 
his talents iu engraving the tracks of a bird, in which a calcareous 
concretion of a difl'erent color from the origiual rock has since been 
deposited. 

To an elevation or knoll, from forty to sixty feet high, one-quarter 
of a mile in diameter, arising almost perpendicularly from the south- 
ern shore of one of Kettle Lakes, and sloping gradually in every 
direction into an erosion valley, I have applied the Dakota name of 
Cega lyeyapi, (Cb&ga EySyapee,) a name by which Fort Wadsworth 
and the surrounding country is familiarly known to the Indians. The 
term signifies in their language the place where " they found the kettle." 
The knoll has, probably, been for a long iieriod the favorite camping- 
ground of the aborigines. The valley has at one time been a wide and 
deep ditch, communicating with one of Kettle Lakes and some adjoining 
slonghs, converting tbe bill into an island, admirably fortified by nature 
for defense. On the summit of this kuotl was an artificial moond 
whose base was one hundred feet iu diameter, and the perpendicular 
height of its superior plane, above the surface of the prairie, imme- 
diately sarrounding it, was from one foot and a half to two feet. The 
demarkation of the circumference of the base of the mound is somewhat 
indistinct. At various distances from the snrface to the depth of four 
iieet were found alternate strata of clay, and what appears to be a dfurk 
Vegetable mold, such as is found on the prairie elsewhere. The strata 
of clay are each about three inches thick, very hard and dry, and con- 
tain in their composition a slight admixture of lime, forming a sort of 
concrete. It would appear from this arrangement of a series of concrete 
floors that this locality, so admirably situated for defense, has been the 
fovorite camping-ground of one band of aborigines after another, each 
renovating the localityof the former occupants by covering it with a layer 
of soil &om eight to twelve inches thick, and covering the whole with a 
new concrete door. On these floors I foand the bones of binla, fisb, and 
various edible animals. The lowest floor is about four feet deep, and is 
□pon the natural clay soil ; in this I found a number of hearths, formed ^y 
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<l>gRii'g All excavation about a foot deep, and three and a half or four 
feet in diameter. Upon these were found a qaantity of ashea aod charred 
bones, the remains of the feasts of men, and a number of stones from 
■ three to six inches in diameter, bearing evidence of exposure to a high 
degree of heat, and having probably been used for the purpose of boil- 
ing water. The granitic sand entering into the composition of the pot- 
tery may have been obtained from this source. Intermixed vith the 
soil at various depths I found fragments of pottery of different sizes and 
patterns. The under surface or most dependent portion of each is in- 
crusted with a white calcareous matter, deposited, no doubt, from the 
leacfaings of the soil. The sherds were evidently from some vessels 
no larger than a small Jar or goblet, and from others whose capacity 
must have l^een four or five gallons. The color is either that of a cream 
or Milwaukee brick color, such as clay destitute of iron assumes when 
burned, or a dim or slate color of various shades ; indeed, in some in- 
stances it is almost black. The recently fractured edges of some of the 
pieces show a uniformity in color throughout the whole thickness; others 
are of a cream-coloc one-third of the tbickaess upon either surface, with 
a slate-colored streak rnnning through the middle. One of those colors 
may be seen on the inside of a sherd with its opposite on the outside, and 
vice versa. I can detect no pigmentary matter upon either sur&ce, and 
am of opinion that whatever has been used, whether for ornament or 
service, though probably the bttter, has been imparted to the mass of 
clay prior to molding or baking, and by use has disappeared from the 
surface, the center retaihing it; for while I find no black sherds whose 
fractures show a cream-colored substance within, the converse is true. 
The black sherds are the least brittle. The thickness of these sheisd 
varies from an eighth to tbree-eigbths of an inch, according to the aize 
of the vessel, though few exceed one-fourth. Sand has been the only 
substance used to give stiffness to the mass during the process of mold- 
ing and prevent the ware from cracking while bumiog, and has probably 
been obtained from disintegrated stones, some of which were ibund on 
the hearths elsewhere spoken of. I have been able to find no whole ves- 
sels, but from the fragments of the rims, sides, and bottoms, it is Dot 
difficult to form a fair conception of their shape, which, for aboriginal 
art, was wonderfully symmetrical, gradaally widening £rom its neck or 
more constricted portion of the vessel until it attains its greatest diame- 
ter, at a distance of one-third of the height from the bottom, which 
is analogous, in curvature, to the crystal of a watch. To the neck is 
attached tbe rim, about one iuch in width, though sometimes two ; this 
slopes outward at angle of about twenty degrees from a perpendicular. 
Of some of the smaller vessels the rim stands perpendicularly upon an 
offset resting upon the neck. Some patterns have no rim, but a mere 
lip arises from the neck of the vessel, the whole distance of its circum- 
ference, serving as a band-hold to lift it by. Some small vessels had 
neither rims nor lips, their shape being spherical. I found no pieces 
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conCuiuiug ears or handles, though an lodiaii iaforuont tolls me that 
small resacls were sapplied with ears. 

That the aliorigiual potters of the lacastriiie village of Cega lyeyapi 
were fond of decoration, and practiced it in the ceramic art, is shown 
by the tracings conflned to the rims, which consisC of very smooth . 
lines abont one-twentieth of an inch in width, and as deep, drawn quite 
aronnd the vessels, parallel to the margin. These are sometimes crossed 
by zigz^ lines, tenninating at the neck of the vessel and the margin 
of the rim. Lines drawn obliquely across the rim of the vessel, and 
letnming so as to form the letter '* V," with otjiers parallel to the mar- 
gin of the rim, joining its sides, the same repeated as often as space 
admits, constitute the only tracings on some vessels. tThe inside of the 
vessels is invariably plain. 

That the ancient potters failed in the delineatory art, as modem In- 
dians do, may i%adily be inferred, since no object of nature, such as a 
tree, a plant, a flower, or bird, has been attempted in their tracings. 

To the art of glazing the aborigines seem to have been entire stran- 
gers, bnt they have rendered their ware durable and impervious to 
moisture, by thoroughly incorporating throughout its substance a black 
pigment, which may be driven off by heating the shrams to redness in 
the bright coals of a common wood-fire. Fragments thus treated assume 
a yellowish color, and become very porous aud brittle. 

The neck of the vessels, as well as the rim, shows one uniform carv- 
atnre, that of a circle, as if molded within a hoop, and is ft^e firom 
those twists and warps sometimes seen in biscuit and common clay 
ware manufactured by the whites. The outside of the vessels proper, 
exciasive of the rim — which is traced — bears the impression of very 
evenly-twisted cords rnuning in a parallel direction and closely crowded 
together, the alternate swelling and depression of whose strands have 
left equidistant indentations in every line thus impressed. These lines 
run, on the sides of the vessels, in a direction perpendicular to the rim, 
and disappear within a half of ah iuch or an inch of it, each indenta- 
tion becoming indistinct near the end. I have conutod from ten to fif- 
teen of these caste in the spacv of a linear inch, and yet some of the 
sherds represent much finer cords. I find no casts of woven fiabric, as 
of cloth or basket-work, and yet I have seen diamond ( <^ ) figures formed 
near the bottom of the vessel, by the crossing of different layers ot 
cords. A willow or msh fabric coald not form such caste ; the inside 
bark of a tree possibly might, but the sinews of the bnffalo, such as 
bow-strings are made of, were most probably used. It would seem, 
then, that a sack or basket, formed by securing twisted cords, properly 
adjusted to a hoop, furnished the molds in which the aboriginal potters 
shaped and dried their vessels, the external surface of which is a cast 
of the cords composing the sack. 

Earthen vessels were in use by the Dakotas daring the childhood of 
men still living. I have interrogated separately, and on different occa- 
26 8 71 
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sions, tlie priocipal and most reliable men of the Sissitoa and Wahpetoo 
tribes, all of whom tell the same story of having seea eartheo kettles for 
culinary purposes ia use by their parents. They state, however, that the 
Dakotas never made pottery; bnt in this, Carver, a traveler who spent 
a winter among them more than a hundred yearg ago, contradicts 
tiiem. Some say it was brought firom the Misaonri, having been par- 
chased from the Omahas, others that the Pawnees made it ; others that 
they obtained it as booty ftom the Mandans, with whom they were con- 
stantly at war. In oorroboration of this statement, Oatlin gives an ad- 
mirable aoconut of seeing Maudan women make aud use pottery when 
in the ooantry of that nation, in 1832. 'That the Muidans, a tribe now 
residing with the" Bees, io permanent lodges, near Fort Bnfort, and sub- 
sisting partly by agricul tore, once possessed the territory around Kettle 
Lakes, and hence made the pottery, is probable, from the faot that the 
deepest hearths in the site oS the excavation are sach as the Mandans 
construct at the present day. The Cheyennes, about one hundred years 
since, were dispossessed of the soil by the Dakotas, and the country 
named Gega lyeyapi, as previouBly stated. The legend of the latter 
tribe ascribed to the former the authorship of the artificial tmnuU in 
this vicinity. 



Bv Edward 8. Berthouq. 

During a casual walk taken by me in July, 18C7, ^ong tbe cretaceous 
bluJEW which extend on Cache La Poudre Biver for several miles, and 
while searching for some strata containing fossil-shells of that epoch, 
my attention was drawn to the beds of gravel and small bowlders which 
appear to crown tfaeblufib and higher slopes. This gravel contains both 
sedimentary and igneous rocks, is evidently of recent origiu, aud was 
probably deposited long since the cretaceous period. We find here not 
only rolled pebbles of quartz, felspathic .and micaceous granite horn- 
blende rock, sandstone, and ferruginous quartz-rook, but also con- 
glomerate of an older period, both common and moss agates, varie- 
gated sandstone, &c, with sometimes a pebble of hard limestone. 

While continuing toy examination and searching for moss-agates, I 
found several small accamulationa of agate-chips half buried in the soil, 
or composing a pavement in spots laid bare by the industry of numerons 
colonies of ants, who seem to be amateurs of all small gay-colored or 
bright pebbles with which to construct their nests. These chippings 
appearing in numerous places excited my curiosity, until both myself 
and companions found in one place two or three arrow-heads made from 
the coarse agates found there, as well as the ovalstoue tool which I send 
with the arrow-head, stone teeth for war-club or saw, and some broken 
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points spoiled iu liuishing. It thns appeared evident to tue tliat here 
most have been either a casual manafactory of snch ofiFensire or defen- 
sive weapons, or that an old st>tt1einent had once here existed. Gontinn- 
ing my search and narrotrly examining the ground for a large extent, I 
foaod nnmeroos small circles of stones which, although more than half 
covered with soil and sod, still showed aomistabablesignsof designand 
ose. The atones were flie-stained, and freqnentlf fell to pieces, the top 
coMser when exposed, covered with a tongh yellowish-green moss, but 
frequently jm> much buried and fixed in the soil and dSbria, that tbey 
were diffionlt to trace out, and all marked apparently with great anti- 
quity. These vestiges are found over an extent of several acres, and 
present an appearance of continued occupations. Indeed, one of the 
arrow-heads hasinometed upon itasortofcalcareousor siliceous cement 
similu' to that fonnd on the large pebbles and bowlders of the gravel 
formation, and everywhere near them we find flakes and chippings of 
agate similar to those noticed in England, France, and onr Eastern 
States, and with the arrow-beads of identical pattern of those found 
from Maine to Georgia, or in our western mounds, the traces of a by- 
gone race who once roamed here before its present Indian popnlation. 
In fntnre, we expect to continue these examinations and see If we can 
find vestiges of other larger circles. 



AKTIQUITIES IX NEW MEXICO. 

By W. B. Lton. 

Fort McEae, New Mexico, March 28, 1871. 

I returned a week ago from a visit to tbe old pneblo referred to in a 
previous letter, although the limited time aUowed did not permit me .to . 
make any minute explorations of tbe antiquities. I inclose herewith a 
grouud-plau which is iu tbe main correct. 

The pueblo is situated nearly due west and twenty-five miles distant 
from the town of Socorro, on the Eio Grande. In no place were the 
walls left over two feet in height, and judging from their character and 
the amount of debris, I do not think any portion of tbe bnildiug or 
buildings exceeded one story iu height. The material is a soft, 
coarse-grained sandstone, laid up without mortar or cement, none of the 
stoues being over three inches in thickness. No remains of beams or 
timber of any kind were fouod. The walls are eighteen inches iu 
thickness. Numerous fragments of colored pottery— not difieriDg, 
however, from that now made by the Pueblo Indians — were picked up. 
In the south end of tbe court are two circular excavations, respectively 
forty-seven and iwenty-five yards in circumference, and each about ten 
feet in depth. In tbe centre of the larger one I found,' on digging, the 
top of a circular stone wall, five feet in diameter. My time did not 
permit me to make further explorations. i C_iI,>OQIc 
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Tbc [nuibio occiii»iw3 a point of laud projeetiug iuto the valley, aud 
elevated twenty-live or thirty feet above the bottom. The position 
seems to have been choseu more for ita defensive advantages than for 
convenience. There is a fine spring about one hundred yards to the 
vest, the water disappearing almost immediately after its exit. 

Extensive silver mines have recently been discovered in the imme- 
diate vicinity, and a town has been laid out near the spring. The mi- 
ners propose to use the stone £rom the pueblo for bnildiog purposes, 
bat promise to preserve any utensila, or anything of interest they may 
find, for the Smithsonian. Some of the ore found in these mines is 
very rich. I think an average ton of the rock will yield over ^100. 
Evidences of ancient working of these mines exist in shafts entirely 
tilled up with earth. One of these, on a lode containing a large pro- 
portion of copper, has been dug out to the depth of eighteen feet. 

Although iu close proximity to several cedar-trees, no very large roots 
penetrate it, and from this circumstance, as well as the extremely hard 
quality of the wall-rock, I do not believe that the time of working the 
shaft antedates the occupation of the conntry by the Spaniards. The 
ore is very refractory, and can be worked here only by amalgamation. 

A gentleman who has just returned tram a trading expedition to the 
Little Colorado informs me that he discovered, near that stream, a re- 
markable fortification, or series of six forts, built of solid masonry, uni- 
ted with cement, each provided with bastion, ditch, etc, and containing 
in the center a reservoir for water. They occupy the extremity of high 
necks of land jutting into the valley, and extend for a mile and a half 
along its coui-se. In the bottem be found the ruins of towns built of 
adobes, and traces of large irrigating ditches. 

The gentleman brought back with him one very slightly mutilated 
^^olla^ or jar, of carious workmanship, which he promised to give ma 
fol- transmission to the Smithsonian. 



ASTIQIITIES IN LENOIB COVMT, XOBTH CIBOLINI. 

Bv J. Masok Spainuouo. 
Ill a conversation with Mr. Michaux, of Burke County, Korth Carolina, 
ou Indian cariosities, he infornted me that there was an Indian mound 
on his farm, which was formerly of considerable height, but had gradu- 
ally been -plowed down ; that several mounds in the neighborhood had 
been excavated, and nothing of interest found in them. I asked per- 
mission to examine this mound, which was granted, and upon investi- 
gation the following interesting facts were revealed. Upon reaching 
the place I sharpened a stick four or five feet in length, and ran it down 
in the earth at several places, and finally strnck a stone about eighteen 
inches below the sorface, which, upon digging down, was found to be 
about eighteen inches long and sixteen inches wide, and ftn^.l^o to 
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three inchea iatbickness, theooroera roauded. It rested on solid earth 
and liad be^ n smoothed on top. 

I then made an excavation ia the soath of the monad, and soon strack 
another stone, which upon ezaminatioo proved to be in front of the 
remains of a human skeleton in a sitting posture; the hones of the fin< 
gers of the right hand had been resting on the stone. Xear the hand 
-was a small stone about fire inches long, resembling a tomahawk or 
indian hatchet. Upon a further examination, many of the bones were 
foond, though in a ver>' decomposed condition, and upon exposure to 
the air they soon crumbled to pieces. Tbe heads of the bones, a consid- 
erable portion of tbe skull, jaw-bones, teeth, neck-bones, and the ver- 
tebra were in their proper places. Though the weight of the earth 
above them had driven them down, yet the frame was perfect, and the 
bones of the head were slightly inclined toward the east. Around the 
neck were found coarse beads that seemed to be of some snbstanc« 
resembling chalk. A small lump of red paint, almut the size of an egg, 
was found near the right side of this skeleton. From my knowledge of 
anatomy, the sutures of the skall would indicate the subject to have 
been twenty-flve or twenty -eight years of age. Tbe topoftheskuU 
was abont twelve inches below the mark of the plow. 

I made a further excavation in the west part of this mound and found 
another skeleton similar to tbe first, in a sitting posture, focing the last. 
A atone waa on the right, on which the right hand had beeu resting, 
and on this was a tomahawk which had beeu abont seven inches in 
length, broken into two pieces, and much better finished than the first. 
Beads were' also on the neck of this one, hot were much smaller and of 
finer quality than those on the neck of the first; tbe material, however, , 
seemed to be tbe same, A much larger amount of paint was foond by 
the side of this than the first. The bones iDdicat«d a person of lai^er 
frame, and I think of abont fifty years of age. Everything about this 
one had the appearance of superiority over the first. The top of the 
skull was about six inches below the mark of the plow. 

I continued the examination, and after diligent search found nothing 
at tbe north part of tbe mound but ou -reaching the east side found 
another skeleton, in the same postdle as tbe others, facing tbe west. On 
the right side of this was a stone on which the right haudbad been rest- 
ing, and on tbe stone was also a tomahawk about eight iucbes in length, 
broken into throe pieces, much smoother and of finer material than the 
others. Beads were also found ou the neckuf tbi.s,butmuchsmallerand 
finer than ou those of tbe others, as well as a large amount of paint. 
The bones would indicate a person of forty years of age ; the topof the 
akull had been moved by tbe plow. 

There was no appearance of hair discovered ; besides, the principal 
bones were almost entirely decomposed, and crumbled when bandied ; 
these two circumstances, coupled with the fact that the farm on which 
this mound was found was tbe first settled in that county, the date of tbe 
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first deed luuning back about one houdred and flft; yesra, (the land still 
belongiug t« deaceadants of the same family that S^stoc«npi^dit,)woald 
prove beyond doubt that it is very old. 

The mound wm Bitaated dae east aod west, in size about nine by six 
feet, the line being distinctly marked by difference in color of the aoiL 
It was dng in rich black loam, and filled with white or yellow saod, but 
contigrnouH to the skeleton was a dark<colored earth, and so decidedly 
diCTerent was this &obi all surrounding in quality and smell, that the 
lines of the bodies ooold be readily traced. Ihe decomposed eaitii, 
which had been flesh, was similar in odor to that of <dotted blood, and 
would adbere in lamps when compressed in the haDds. 



ACCOl'XT OF THE OLD IXDUN TILLAGE KCSHKFHHKEE, XEAI NEWCABTLI, 
PBKlTBTLTAIflA. 

Bv E, M. McCos^-Eix. 

This ludian village was on the Mahoning Kiver, on the south side 
of the present town of Edinburgh, about five miles west of the city of 
Newcastle, FenDsylvania. It was located on the second bank, on the 
west side of the river, with a range of high hills to the west, fbnmng 
an excellent protection from storms. The distance from the base ot 
the hills on the west to the river is about one-third of a mile, mt^iog 
a beantiihl valley of several miles both north and south. Chriatjan 
Frederic Post, a Moravian; was sent ou a mission to the Indians at this 
place by Geueral Forbes, in 1758. He says this village at that time 
"contained ninety houses and two hundred able warriors." Post, 
whose business it was, induced the chief^ Pakankee, to attend a great 
conference to be h^d opposite Fort Duquesne, now Pittsburgh. 
This is the earliest knowledge we have of Kushkushkee. 

Twelve years later, 1770, at the reqnest of Pakankee, the Moravians 
removed from their settlement at Lawnnakbannak on the Allegheny 
Biver, and settled on the Beaver Biver, five miles south of Kewcaatle, 
where tbey remained for two years, instructing the Indians in the prin- 
ciples of the Christian religion, establishing schools, and introducing 
agricultural pursuits, &g. Dnring this time they had iuterconrse with 
Indians at Kushkushkee, many of whom became converts to Ghristi* 
anity, among the number Glikkikan, a distinguished orator of the Del- 
aware tribe. 

In company with D. Craig, esq., and B. W. Clendenin, I visited the 
site of this ancient village the past summer to examine carefully its 
location and surronndings, and learn what I could of the race who 
inhabited it more than a hundred years ago. When I visited this 
place, some years ago, the sepolchral mound was in an almost perfect 
state of preservation, bnt at this time we found that three-foortha of 
it had been leveled to the grade of the field sarrounding, it, whiqh, w» 
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Trere isformed, bad been done by the owner of the land, with the ex- 
pectation of finding some hidden treasnre. It is a eoaree of regret to 
those of ns who valae these traces of former occupation of oar soil 
that they had not been sacredly protected and preserved. The moond 
was originally about fifty feet in ciicnmference, and six feet high in the 
center. We fonnd one haman slieletoa that bad been left exposed, 
many of the bones being in a perfect state of preservatioo. This grave 
had been made On the snrface of the ground. Flag-stones broken to 
the required width bad been set on their edges aronnd the body, uniform 
in height, and covered with flat stones, and then with eaith ; other 
tKMlies bad been placed alongside in the same manner, and also lai the 
top of those first interred, and in this way after many years forming the 
monnd as we find it. A few rods sonth of the monnd are aboat twenty 
graves of bodies buried separately, the gronnd over each grave showing 
a depression of a bout six iocbes, with a piece of flat stone set at the 
head and foot of each grave. This may have been adopted under the 
inflnenve of the teachings of the Moravians as a more Christian form of 
barial. In examining a field of ten acres or more near tbe monnd, we 
fonnd a great quantity of flint chippings that bad been broken off in 
making implements, large numbers of which bave been gatliered up 
. here since the settlement of this valley by the whites. 

Mr. James Park, who has lived here for almost seventy yeais, gave 
me a stone implement somewhat of the shape and mze of a carpenter's 
hatchet, made of the bine-gray stone common in this neighborhood. I 
bave others mnch the shape and size of wedges used for splittiDg stone. 



THE PIUA INDIANS OP ARIZONA. 

By Capt*in F. E. Grossmasx, U. S. A. 
Thetb histobt and traditiohs. — ^The Fimas have bnt vagne ideas 
«f tbe doings of their forefathers, and whatever accounts may bave been 
handed down to them have been so changed in the transmission that 
they cannot be deemed reliable now. Their account of the creation of 
tbe world ia confused, different pi^rties giving different details thereof. 
The story most generally accepted among them ia that tbe first of all 
created beings was a spider, which spun a large web, out of which, in 
. process of time, the world was formed. They believe that tbe Supreme 
Being or Creator took a nerve out of his neck and thereof made a man 
and a woman. According to their traditions, the first human beings 
lived near the Salt Biver, in Arizona Territory, near the McDowell 
Mountain. These people multiplied rapidly, and soon populated the 
valleys of the Salt and Gila Bivers. There appears to be a strong prob- 
ability that the Pima and Papago Indians, who speak the same lan- 
gnage, and to all intents belong to the same nation, are the descendants 
-of the earliest occnpnnts of this section of the country. Still the aC- 
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coimts of the two above-iiaiued tribes differ materially iu many esBCD- 
tial points of their early history. Both 8eem to have heard of a great 
floodf and each have their own method of explaining how their fore- 
fathers were saved from this delnge. 

The Pimas relate that the coming of the dood was well known to the 
eagles, for these hinls, soaring among the clonds, saw the gathering of 
the storm. One of the eagles, flriendly disiiosed toward the Pimas, ap- 
jieared to the principal prophet of the tribe, and warned him of the ap- 
proaching disaster, advising him to prepare for it. At the same time » 
cunning wolf (coyote) conveyed the same caution to another prophet. 
The former and his followers paid uo attention to the counsels of the 
eagle; while the other prophet, knowing the wolf to be a sagacions ani- 
mal, at once prepared a boat for himself and made pravisions to t-ake 
with him all kinds of animals then known. The Papi^os claim to be 
the descendants of the more cautions one, th^ Pimas of the one who re- 
fused to be guided by the eagle. This bird appeared for the second 
time and repeated his caution, but the Pimas scorned bis advice. At 
last the eagle came for the third time, violently flapped his wings at the 
door of thehot of the principal prophet, and witba shrill cry announced 
to him and his people that the flood was at hand, and then flew scream- 
ing away. Suddenly the winds arose and the rains descended in tor- 
rents, thander and lightning were terri&c, and darkness covered the 
world. Everything on earth was destroyed by this flood, and all the 
Pimae perished except one chief, named So'-ho, a good and brave Indian, 
who was saved by a special interposition in his favor by the Great 
Spirit. 

The prophet who listened to and profited by the caution of the wolf, 
entered his boat, which safely rode through the storm and landed, when 
the flood snbsided, upon the mountain of Santa Bosa. The wolf also 
escaped by crawling into a large hollow cane, the ends of which be 
closed with -some resinous substance. The Papagos of to-day believe 
that the prophet who saved himself by means of the boat was their fore- 
&ther, and yearly visit the mountain and village of Santa Bosa, in Ari- 
zona Territory, in commemoration of the fortnnate escape of the foander 
of their race. It is also said that a Papago will not kill a wolf. The 
Pimas, however, claim to be the direct descendants of the chief So'-hd, 
above mentioned. The children of So'-ho re-inbabited the Gila Biver 
Valley, and soon the people became numerous. Oue of the direct de- 
scendants of So'-hii, King Si'-va-no, erected the Casas Grandes on the 
Oila BJver. Here he governed a large empire, before — long before — the 
Spaniards were known. King Si'-va-no w^ very rich and powerful, and 
ha«l many wives, who were known for their i^ersonal beauty and their 
great skill in making imttery ware and ki'-hos, (baskets irhieh the 
women carry upon their heads and backs.) The subjects of king Si'-va- 
no lived in a large cit? near the Oasaa Grandes, and cultivated the soil 
for many miles around. They dug immense canals, which carried the 
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water of tbo Gila River to their lleldB, and also produced abuiidaat crops. 
Tbeir n-otneu were rirtaous and induBtrious ; they spaa the native cot- 
ton into garments, made beautiful baskets of the bark of trees, and were 
particolarly skilled in tlie manufacture of earthen ware. (Gcmains of 
the old canals can be seen to this day, and pieces of neatly-painted 
pottery wore are scattered for miles upon the site of the old city. There 
are several ruins of ancient buildings here, the best preserved one of 
which is said to have been the residence of King Si'-va-no. This house 
has been at least four stories high, for even now three stories remain in 
good preservation, and a portion of the fourth can be seen. The house 
I was built square; each story contains five rooms, one in the 

I " I ' center, and a i-oom on each of the outer sides of the inner 
I ' room. This house has been built soUdly of clay and cement; 
\ i-t I not of adobes, but by successive thick layers of mortar, 
and it was plastered so well that most of the plastering remains to this 
day, although it must have been exposed to the weather for many years. 
The roof and the different ceilings have long since fallen, and only short 
pieces of timber remain in the walls to indicate the place where the 
rafters were inserted. These rafters are of pine wood, and since there 
is Qo kind of pine growing now within less than fifty miles of the Casas 
Grandes, this house must either have been built at a time when pine 
timber could be procured near the bnilding site, or else the builders 
most have had fiwiihties to transport heavy logs for long distances. It 
is certain that the house was built before the Fimas knew the use of 
iron, for many stone hatchets have been fonnd in the ruins, and the 
ends of the lintels over doors and windows show by their hacked ap- 
pearance that only blunt tools were used. It also appears that the 
builders were without trowels, for the marks of the fingers>}f the work- 
men or women are plainly visible both in the plastering and in the 
walla where the former has fallen off. The rooms were about six feet in 
height, the doors are very narrow and only four feet high, round holes, 
about eight inches in diameter, answercfl for windows. Only one en- 
trance from the ontside was left by the builders, and some of the outer 
rooms even had no communication with the room in the center. There 
are no stairs, and it is beheved that the Pimas entered the honse from 
above by means of ladders, as the Zuni Indians still do. The walls are 
perfectly perpendicular and all angles square.) 

The empire pt King Si'-va-no l>ecame so populous after a while that 
some of its inhabitants found it necessary to emigrate. One of the sons 
of the king, with numerous followers, went, therefore, to the Salt Eiver 
>''alley, and there established a new empire, which, in course of time, 
became very prosperous. Indeed, the inhabitants became so wealthy 
that they wore jewelry and precious stones npou their persons, and 
Anally erected a beautiful throne for the use of their monarch. This 
throne was manafactored entirely of large blue stones, (probably silver 
oroopperore.) o„««GoOgle 
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In course of time a womau asceoded this throne, 8be was very beaa- 
tifnl, and many of the warriora adored her, bat she refased all offers of 
marriage, and seemed to be fond of no one except a pet eagle which 
lived in her house. The rejected suitors, jealous of the eagle, deter- 
mined to kill bim, bnt he, a wise bird, discovered their intentions, said 
farewell to his mistress, and flew away toward the rising of the son, 
threatening destmction to those who had contemplated to take bis life. 

At the death of the qneen, who married after the departure of the 
eagle, the government of the nation ffeU to her son, who was hnt achild 
in years, and weak and incapable. Daring the reign of this boy the 
eagle retamed, conducting the Spaniards to bis ft)nner home. These 
came, well armed and some monnted on horses, which before this time 
had been unknown to the Fimas. 

The Spaniards approached in three strong colamns ; one merebed 
down the Gila River, one came fi'om the north, and the third one fhmi 
the south. These armies of strange white men terrified the Pimas, who, 
without competent leader and good arms, were soon defeated. The 
enemy devastated the whole country, killed most of the inhabitants, 
and leveled their fine bnildings to the gronnd. The throne of the king 
was broken into small pieces, and the birds of the air came and sw^- 
lowed the small blue stones, which, afterward, they spit out wherever 
they happened to be. This, say the Pimas, accounts for the foct that 
these bine stones are found but rarely and in very different localities 
now. (Stones of this hind are highly prized by the Pimas, and worn as 
charms.) Bnt few of the Pimas escaped the general massacre, and hid 
themselves in the neighboring mountains, whence they returned to tbe 
valley after the departure of the Spaniards. They fonnd all their wealth 
dtistroyed, their towns in ruins, their fields devastated, their friends and 
relatives slain or carried off by the enemy, and the survivors were in 
despair. Some few, hoping to be able to liberate some of their kindred 
who had been captured, followed the white men toward the south and 
finally settled in Sonora, where their descendants live to this day. The 
others remained in the Salt River Valley, increased in numbers, and 
Rgaiu tilled the soil. But the Apaches, always bitter enemies of the 
Pimas, took advantage of the situation, and encroached niwn tbeir*HeldB 
to such an extent that the Pimas finally returned to the Gila River Val- 
ley, where they still live. They never reerected the stately mansions 
of their forefathers, but, hnmbled by defeat, were content to live in the 
lowly hnts which are occupied by the Pimas of the present day. Their 
women were virtuons and strong, and in the lapse of time numerous 
children were bom ; the tribe increased in nnmbers, and, not many years 
after their defeat by the Spaniards, the Pimas were strong enoogh to 
cope with the Apaches, against whom they have carried on a bitter war- 
ftire ever since. At oue time they were very poor indeed. Owing to 
the poverty of the tribe, their leaders never retamed to the laxnrioDS 
style of living of the former kingx. They were simply called "chiefe,* 
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but the sapreme CODtrol of the tribe was still in the hands of the old 
royal faiKi)y,and descended from fattier to son. These bead-chiefs were 
brave warriorfi, and nnder their leadership the Pimas achieved many 
victories. At one time the Oomanohe Indians came from the east, bat 
the Pimas repalsed them after a bloody battle, which waa foaght near 
the present mail-station Sacaton. At last the reign descended to Shdu- 
tarl-Kor'-li, (old soldier,) the last, in a direct line, of the old royal honse. 
He was a bold warrior, and highly esteemed by the whole tribe. Dar- 
ing his reign the Maricopa Indians, imposed upon and i>er8ecuted by 
the Tumas and Mohaves, came to the coontry of the Pimas in two dif- 
ferent parries, one from the southwest and the other ftom the oortib- 
west. The new-comers asked a home and protection, promising to aid 
the Pimas in their scouts against the Apaches. Their request was 
graated, and when the Yumas, who had given parsuit to the Mari- 
copas, appeared near the country of the Pimas, the latter tnmed out 
in force, and, united with the Maricopas, defeated the Yumas in a battle 
fonght near the present Maricopa Wells. Since then the Tumas have 
not dared to molest the Maricopas. The latter remained with the 
Pimas, were permitted to cultivate a small portion of their land, and 
have been ever since on friendly terms with them. The Maricopas of 
to-day have two villages on the reservation, and number three hundred 
and eighty-two. The Pimas have intermarried with the Maricopas; 
sriil the latter preserve their own language, which is that of the Yumas, 
Cocopas, and Mohaves. At last Shdn-tarl-Eor'-li, the chief, was fatally 
wounded by the Apaches, receiving a musket-ball in his forehead. 
Upon bis death-bed this old chief, who had no sons to succeed him, recom- 
m^tded that Stjo'-e-teck-e inCiR. one of the sub-chiefs, who was a renowned 
warrior, should be elected head chief. Thiswas done, and'Stjo'-e-teck-e- 
m6s, who was the father of the i>resent head-chief, reigned for years, re- 
spected and beloved by all his tribe. Young Antonio Azu1,orA-Td-at-Ki't- 
jo, (the man who lifts his leg,} as he is called by the Pimas, accompanied 
bis father, the chief, on all his scouts when he became old enough to nse 
anus, and at one time went with him to Sonora and visited some of the 
Mexican towns. S^jy-e-teck-e-miis led the Pimas many times against 
the Apaches, was repeatedly wounded, but finally died in consequence 
of sickness. Upon his death Antonio Azal assumed the position of his 
father, but dissension arose in the tribe. Many claimed that Antonio 
bad no title to the supreme command ; that his father had been chosen 
chief on account of his boldness and wisdom ; that these virtnes did 
not necessarily descend from father to son, and that the choice of a new 
{shief ought to be left to the warriors of the tribe. Some asserted that a 
distant relative of the chief proper was among the tribe, who, having 
the roytd blood in his veins, ought to govern. 

Arispa, a petty chief, well known for his bravery in tbe field, and 
withal a crafty and anscmpolons man, took advantage of the general 
confusion, aod, with tbe intention of U8nri)ii>g Antonio's place, accused 



412 ETHNOLOGY. 

tbe latter of witchcraft. Antonio was tried and declared not guilty, 
and since then has been generally recognized as head-chief. Still the 
followers of ArispajWho are tbe worst Indians on the reservation, refase 
to be guided by Antonio, and the latter evidently believes his position 
to be insecnre, and therefore temporizes with the bad men of tbe tribe 
rather than run the risk of a revolution, and x>o8sible loss of his rank 
by compelling them to behave themselves. Of course the Indians know 
bim tboroaghly, and take advantage of his weakness. 

Since Antonio Azul has become the head-chief of tbe tribe tbe over- 
land road from Texas to California, wbicb passes through the Pima 
land, has been established, and in consequence thereof these Indians 
have been thrown in contact with tbe Americans. In 1859 a reserva- 
tion, containing one hundred square miles, was set aside for tbem by 
act of Congress, and apon and near it tbey faave resided ever ^ince. 
£igbt years ago tbe small-pox raged among them to an alarming extent, 
and many, particularly children, died of tins disease. 

It is a lamentable fact that tbe Fimns have retrograded since the 
advent of the white meu among them, both morally and physically. 
Fifteen years ago, when Bntter&eld's mail-coaches first passed tbroagb 
their land, the Pimas were a healthy race, the men brave and honest, 
the women chaste. To-day foul diseases prevad to an alarming ext«it, 
many of the women are public prostitutes, and all will pilfer whenever 
opportunity offers. 

SiEUQios. — The Pimas believe in tbe existence of a Snpreme Being 
or Creator, whom they call " Prophet of tbe Earth,'' and also in an evil 
spirit, (che-^vnrl.) They believe that, generally, their spirits will pass 
to another world when they die, and that there they will meet those 
who bave gone before them. They say that whenever any one dies an owl 
carries tbe sonl of the departed away, and hence they fear owls, (which 
tbey never kill,) and tbey consider tbe booting of this bird a sure omen 
that some one ia about to die. They give a confused account of some 
priests, (p^r-le,) who, tbey state, visited their country years ago and 
attempted to convert tbem to Christianity. These priests were French, 
and to thi£i day the Pimas call the French " p^r-Ie-sick;" plural, "p^par- 
le-sick." It does not appear that these missionaries met with success. 
The Pimas bave no ibrra of worship whatever, and bave neither idols nor 
images. They know that the Mexicans baptize tbeir children, and some- 
times imitate this ceremony. This baptism is applied, however, only 
as a charm, and in cases of extreme sickness of the child. When tbe 
ceremonies and charms of the native physicians (mA-ke) fail to produv*^ 
a cure, then the sick infant is taken t^ some American or Alexioan, and 
even Papago when he is known to have embraced the Christian faith. 
Generally Mexican women perform the ceremony. If the chihl recovers 
it receives a Spanish name, by which it is known ever after ; but these 
names are so much changed iu pronunciation that strangers would hardly 
recognize them. Pedro, for instance, becomes Pi-va-lo ; £manae], M^ 
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oori; Gri8tol>al, Eis-to; Ignazio, I'-nas; Maria, M&r-Ie, etc. It ia cer- 
tain that their religion does not teach them morality, dor does it point 
oat a certain mode of conduct. Each Pima, if he troubles himself aboat 
his religion, construes it to suit himself, and all care little or nothing 
for the life hereafter, for their creed neither promises rewards in the 
fatnre for a life well spent, nor does it threaten ponishment after death 
to those who in this life act badly. They have no priest to coaosct 
them, and the inflaence of their chiefs is instifficient to restrain those who 
are evil-disposed. The whole nation lives bnt for to-day, never thinks 
of the waots of the future, and is guided solely by desires and passions. 
They believe in witches and ghosts, and their doctors (in^ke) claim to 
know how to find and destroy witches. Almost anything is believed to 
be a witch. Usually it is a small piece of wood, to which is tied a piece 
of red flannel, clotii, or calico by means of a horse-hair. Should one of 
these be found in or near one of the Fima huts, the inhabitants thereof 
would at once abandon it and move elsewhere. They believe that all 
sickness,, death, and misfortunes are cansed by witches. If, therefore, a 
Pima is taken sick, or loses his horse or cow, he sends for one of the 
medicine-men, whose duty it becomes to find and destroy the evil spirit 
who has cansed the mischief. The medicine-man on these occasions 
masks his face and disguises himself as much as possible. He then 
swiftly runs around the spot supposed to be infested, widening his cir; 
cles as he runs, untili at last, he professes to have found the outer limits 
of the space of ground supposed to be nnder the influence of the witch. 
Then he and his assistants (the latter also masked) drive painted stakes 
into the ground all about the bewitched spot. These sticks^ paint«d 
-with cert^n colors found in the mountains, are said to possess the power 
of preventing the escape of the witch. Now begins the search for the 
witch ; everything is looked into, huts are examined, fences removed, 
bashes cut down, until, at last, the medicine-man professes to find the 
witch, whicli usually is the above-described stick, borse-hair and red 
cloth. Of coarse, this so-palled witch has been hidden previous to the 
search, by some of the assistants of the medicine-man. It is burned at 
ouce, and the uninitiated fondly believe that, for a time at least, they 
will be firee Irom the evil influences of the witch thus destroyed. Of 
course, this mode of treatment seldom produces a cure of sick people, 
but the Pimas know nothing whatever of medicines; their mediciue-meu 
never administer anything internally, and the above ceremony is the 
principal attempt made to cure the sick. Sometimes, for instance, in 
case of pains in the chest or stomach, they scarify the patients with 
sharp stones or place burning coals upon the skin, and in rare instances 
the patient is placed upon the ground, his head to the west, and then 
the medicine-man gentiy passes a brush, made of eagle feathers, from 
bis bead to his feet ; afl«r which he runs several paces, shakes the brush 
violently, and then returns to the patient to repeat, again and again, 
the same manceuver. They believe that, by this operation, the sickness 
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is drawn first into the brush and theoce ahaken to the winds, aDd by- 
staoclers keep aTesp«ctfal distance for fear of inhaliog the disease when 
it is shaken from the braBh. Some doctors pretend to de8tjt)y sickness 
by shooting painted arrows from paiuted bows at ima^ary evil sporits 
supposed to be hovering id the vicinity of the patient 

The Piiuas knofv many herbs which they use as food at times when 
wheat is scarce, but they have no knowledge of medical properties of 
herbs or minerals, with the only exception of a small weed, called ooloQ- 
drina by the Mexicans, which, applied as a poultice, is a oertaiu remedy 
for tjie bite of a rattlesnake. 

It is believed that all efforts to christianize the Piroas would fiiil, not 
because any of them would oppose such attempts, bat because they 
all would be entirely indifferent to the new teachings. 

BUBIAL OF THE DEAJ). — The Pimas tie the bodies of their dead with 
ropes, passing the latter around the neck and under the knees, and 
tben drawing them tight until the body is doubled up and forced into a 
sitting position. They dig the grave from four to five feet deep, and 
perfectly round, (about two feet diameter,) and then hollow oat to one 
side of the bottom of this grave a sort of vault large enough to contaia 
the body. Here the body is deposited, the grave is filled up level 
with the ground, and poles, trees, or pieces of timber placed upon the 
grave to protect the remains from the coyotes, (a spetues of wolf.) 
Burials usually take place at night without much ceremony. The 
moomers chant during the burial, but signs of grief are rare. The 
t>odies of their dead are buried, if possible, immediately after death has 
taken place, and the graves are generally prepared before the patients 
die. Sometimes sick persons (for whom the graves had already been 
dug) recovered ; in such cases the graves are left open until the persons 
for whom they were intendeil die. Open graves of tJiis kiud can be 
seen in several of their barial-gionnds. Places of burial are selected 
some distance from the village, and, if possible, in a grove of mesqnite 
boshes. Immediately after the remains have been buried, the house 
and personal effects of the deceaseds are burned, aud his horses and 
cattle killed, the meat being cooked as a repast for the mourners. The 
nearest relatives of the deceased, as a sign of their sorrow, remain 
within their village for weeks; and sometimes months, the men cut off 
about six inches of their long hair, while the women cut their hair quite 
short. (The Pima men wear their hair very long; many have hair 
thirty-six inches long, and often braid it in strands; only the fivnt hair 
is cut straight across, so as to let it reach the eyes. The women, who 
also cnt the front hair like the men, part their hair in the middle, and 
wear it usually long enough to let Jt reach a little below the shoulders. 
The hair is their only head covering. The men are proud of long 
hair, braid it and comb it with care, and to give it a glossy appearance 
freQneutly plaster it over with a mixture of black clay aud mesqoite 
gum. This preparation is left on the hair for a day or two and is than 
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waahed out, when it leaves the hair not ooly black and glossy, but also 
free from vormio.) 

Tbe castom jof destroying all the property of the husbaud when he 
dies impoveriahes the widow and children and prevents increase of stock. 
The women of the tribe, well aware that they will be poor should their 
hnabands die, and that then they will have to provide for their children 
by their own exertions, do not care to have many cbildreD, and infanti- 
cide, both before and after birth, prevails to a very great extent This 
is not considered a crime, and old women of the tribe practice it. 
A widow may marry again after a year's moaroing for her first hasbaud ; 
bat having children, no man will take her for a wife and thus burden 
himself with her childron. Widows generally cultivate a small piece 
of ground, and friends or relatives (men) generally plow tbe groaod for 
them. 

Mabbiages. — Ttlarriages tunong tbe Pimas are entered into without 
ceremony, and are never eoosidered as binding. The lover selects a 
friend, who goes with him to the hat of the parents of the girl and asks 
the father to give his daughter to his friend. If the parents are satis- 
fied, and tbe girl makes no objections, t^e latter at once accompanies 
her husband to his hut, and remains with him as long as both feel 
satisfied with the compact. If, however, the girl refuses, the lover 
retires at once and all negotiations are at an end. Presents are seldom 
given unless a very old man desires a young bride. Wives frequently 
leave their husbands and husbands their wives. This act of leaving is 
^1 that is necessary to separate them forever, and either party is at 
liberty to marry some one else, only at the second marriage the aseist- 
anoe of a friend is dispensed with. Instances of fidelity and strong 
affections are known, but many of the wives do not hesitate to surren- 
der their channs to men other than their husbands, which, though 
poflsibly disagreeable to the husband, is not considered a crime by the 
tribe. Only the worst of the women of the tribe cohabitwith the whites, 
bat it is nndeniable that the number of such women is increasing from 
year to year. But, though this has caused a great deal of disease i<i 
the tribe, which disease is rapidly spreading, still not one of the chiefs 
or old men of the nation appears to have thought it necessary to raise 
a wamingvoice or propose punishment to the offenders, and prostltatee 
are looked upon as inevitable, and are by no meaus treated with con- 
tempt or scorn by the Fimas. Modesty is unkuowu both to men and 
women. Their conversation, even in the presence of children, i^ 
extremely vulgar, and many of the names of both men and women are 
offensive. 

Generally several married coaplee with their children live in one hut, 
and many of the men who can support more than one wile practice 
polygamy. The wife is the slave of the husband. She carries woodand 
water, spins and weaves, has the sole care of the children, and does all 
t^e work in the field except plowing and sowing. It Is th^ f iiua 
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woman that, with patieut hard labor, winnows the diaff £rom the wheat 
and then carries the latter upon her bead to the store of the trader, 
where the hnsband — who has preceded her on horseback — sells it, 
spending perhaps all the money received for it in the pnrchaseof articles 
intended only for his own use. Pima women rarely ride on horseback. 
The hnsband always travels monnted, while the wife trudges along on 
foot, cttrrying her child or a heavily laden kf-bo (basket) on her bead and 
back. Women, daring child-birth, and daring the continaanee of their 
menses, retire to a small hat bailt for this parpbse in the vicinity of 
their own dwelling-place. Men never enter these huts when occupied 
by women, and tbe latter while here have separate blankets and eat 
from dishes ased by no one else. 

Weapons Aia> uannsb of piohting. — Tbe only weapons used by 
the Pimas before the introdaction of fire-arms were the bow and arrow 
and war-club. For defensive purposes they carried around shield, about 
two feet in diameter, made of rawhide, which, when thoroaghly dry, 
becomes so hard that an arrow, even if sent by a powerfal enemy at a 
short distance, cannot penetrate it. These weapons are still used by 
them to a great extent, and, like all Indians, they are good marksmen 
with the bow, shooting birds on tbe wing and fishes while swimming in 
the shallow waters of tbe Gila Biver. For hunting fishes and small 
game they use arrows without bard points, but the arrows used in batUe 
have sharp, two-edged points made of fiint, glass, or iron. When going 
on a scout against the Apache Indians, their bitter foes, the Pimas fire- 
quently dip tbe points of th^ arrows into putrid meat, and it is said 
that a wouud caused by such an arrow will never heal, but fester for 
some days and finally produce death. The war-club is made out of mes- 
quite wood, which is hard and heavy. It is about sixteen inches long, 
half being handle, and the other half the dub proper. With it 
they strike the' enemy on tbe head. This weapon is even now 
very much used, for the Pimas rarely attack their eoemira in open day- 
light. They usually surround the Apache rancheria at night, some 
warriors placing themselves near the doors of all huts ; then the terrible 
war-cry is sounded, and when the surprised Apaehes crawl through the 
low doors of their huts tbe war-clubs of the Pimas descend upon their 
heads with a crushing force. The Pimas never scalp their dead enemies; 
in tact, no Pima will ever touch an Apache further than is necessary to 
kill him. Even the act of killing an Apache by means of an arrow is 
believed to make the Pima anclean whose bow discharged the fbtal 
arrow. They firmly believe that all Apaches are possessed of an evil 
spirit, and that all who kill them become unclean and remam -so until 
again cleansed by peculiar process of purification. The Pima warrior 
who has killed an Apache at once separates himself from all bis com- 
panions, (who are not even permitted to speak to him,) and returns to 
the vicinity of bis home. Here he hides himself in the bnsheenear tbe 
river-bank, where he remains secluded for sixteen days, cpnversiiu; with 
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DO one, aud only seeiog duriog the whole period of the cleansing process 
an old woman of bis tribe who has been appointed to carry food to him, 
bat who never speaks. Daring the twenty-fonr hoars immediately fol- 
lowing the bitting the Pima neither eats nor drinks ; after this he par- 
takes of food and water sparingly, hut for the whole sixteen days he can* 
not eat meatof aiiy kind nor salt, nor mast he drink anythinghnt river- 
water. For the first four days he freqoently bathes himself in the 
river ; during the second foar days he plasters his hair with a mixture of 
niesquite gum and block clay, which composition is allowed to dry and 
become hard npon bis bead, and is washed out daring the night of the 
eighth diiy. Oa the ninth morning he again besmears hishead with black 
clay withont the gam ; on the evening of the twelfth day he washes his 
hair, combs it, braids it in long strands, and ties theend with red ribbon 
or ashawl ; and then for four days more trequently washes his whole body 
in the Gila River. Onthe evening of the sixteenth day he retoms to 
his \'illage, is met by one of the old men of his tribe who, after the war- 
rior has placed himself at fall length upon the gronad, bends down, 
passes some of the Qaliva in his month into that of the, warrior, and 
blows his breath into the nostrils of the latter. The warrior then 
rises, and now, and not until now, is he again considered clean ; his 
friends approach him and joyfully congratulate him on bis victory. 

The Apache Indians, the most savage on the continent, daring the 
past twenty years have murdered hundreds of whites and Mexicans, 
and have tbas obtained a large supply of fire-arms and ammnnition. 
In order to cope with them successfully the Pimas have purchased many 
guns and pistols, and are now tolerably well armed with improved 
weapons. No restriction has ever been placed on the sale of arms and 
ammnnition to these people. 

The Pimas never capture Apacbe men. These are killed on the field, 
but women and girls and half grown boys are brought back to the reser- 
vation at times, though frequently all the inhabitants of the Apache 
Tillage are killed. 

Apache prisoners are rarely treated iu a cruel maaner. For the first 
week or two they are compelled to go from village to village aud are 
exhibited' with pride and made to join the war-dance. Often, too, the 
j>ecaliar war-whoop of the Apaches is sounded by some old Pima squaw 
as a taunt to the prisoners, but after the lapse of a few weeks they are 
treated kindly, share food and clothing with their captors ; and generally 
become domesticated, learn the Pima language, and remain upon the 
reservation. Instances have occurred when Apache prisoners have 
attempted to escape, but they have invariably been overtaken and killed 
as soon as recaptured. Quite a number of captured Apache children 
are sold by the Pimas to whites and Mexicans, These children, if prop- 
erly trained, are said to become very docile and make good house-ser- 
vants. 

Id rare instances a Pima will even marrj- an Apacbe woman aftei;iBlk» 
27 s 71 ^^ 
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has resided for two or three -years on tbe reservation, but generally full- 
grown Apache women become public prostitutes, and their owners 
appropriate the money received by these women from degraded white 
laen. 

PmA IKDUSTEY AMD FOOD. — The men do not labor -except so far as 
is necessary to enable them to raise a crop. Each village elects two or 
three old men, who decide everything pertaining to the digging of 
:ice4]uias and making of dams, and who also regulate the time during 
which each land-owner may use the water of the acequia for irrigating 
purposes. Each village has constructed years ago an acequia, (irrigating 
canal.) In order to force the water of the UilaBiverintotbeiracequias 
the Fimas dam the river at convenient spots by means of poles tied 
together with barb and raw-hide and stakes driven into the bed of the 
river. Smalt crevices are filled with bandies of willow-branches, reeds, 
and a weed called " gatnna." These frail Btractnres rarely stand longer 
than a year and are often entirely carried away when tbe river rises 
snddenly, which occurs in the spring of the year, if, during the winter, 
much snow has fallen npon the mountains whence the stream issues, 
and also sometimes during tbe summer after heavy showers. Their 
acequias are often ten feet deep at the dam, and average from four to 
BIX feet in width, and are continued for miles, until finally the water 
therein is brought on a level with the ground to be cultivated, when the 
water is led off by means of smaller ditches all through their fields. ' 
Having no instmmeuts for surveying or striking of levels, they still 
display considerable ingenuity in the selection of proper places for tbe 
''heads of ditches." 

The Pimas and Maricopas have a reservation containing one hnndred 
square miles and extending along the Gila Iliver for a distance of nearly 
twenty-five miles; only a comparatively small part of this area, how- 
ever, is available for agricultnral purposes, for a portion of the soil on 
the reservation is strongly impregnated with alkali; some spots are 
marshy, and all the land beyond tbe immediate river bottom-land so high 
above the level of the river that irrigation becomes impracticable, con- 
sidering the limited means for making acequias at the disposal of tbe 
Piraas. 

The Indians do not cultivate all the land that might be tilled, for tlK'ir 
fields do not averitge more than from ten to fifteen acres to the family : 
nevertheless they are dissatisfied wilh the size of their reservation, 
asserting that their forefathers had always been in possession of a much 
larger portion of the Gila Valley, and since the valley above the reser- 
vatiou has been settled up by Americans and Mexicans, the ludiauK 
have frequently encroached uiwn the fields of tbe latter, whom they con- 
sider in the light of intruders, and it is apprehended that Hooner or later 
serious diflicnlties will arise. 

The Pima men plow tbe land with osen and a crooked stick, as in done 
by ttie Mexicans ; they sow tbe seed and cut tbe grain ; (the latter is <loDe 
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with short sickles.) Horses tbrash the graio bystampiDg. The women 
winQOW the grain, when thrashed, by pitching it into the air by basket- 
fnla, when the wind carries off the chaff; they convert the wheat into 
flour, grinding it by hand on their meiates, (a large flat stone upon which 
the wheat is placed, after having been slightly parched over the fire 
previonsly, and whereupon it is ground into coarse flonr by rubbing and 
crushing with another smaller stone.) The principal crop is wheat, of 
which they sell, when the season is favorable, 1,300,000 pounds per 
annunt. They also raise com, barley, beans, pumpkins, squashet), 
melons, onions, aud a small supply of very inferior short cotton. 

The diet of the Fimas is very simple; animal food is nsed only on 
occasions of ceremony, althongh they possess large numbers of beef- 
cattle aud chickens. They do not use the cow's milk, manufacture 
neither butter nor cheese, and do' not eat the eggs of their hens. Very 
few will eat pork. But whenever they kill a cow, steer, or calf, they eat 
every part of it that can possibly be masticated, intestines included. 
Should an animal die, no matter what the disease, they eat its meat 
without apparent evil effects upon their health. At times they hunt the 
rabbit, which is about the only game (quadmped)' in tbeic country. 
Fish, during the months of April and May, are also extensively eaten. 

"Wheat, com, beans, and above all, pumpkins aud mesquite-beans are 
their principal food. The latter grow wild in abundance, and millions 
of pounds are gathered annually by the women of the tribe. These beans 
are gathered when nearly ripe, then dried hard, and when required as 
food first pounded in a wooden mortar and then boiled until they become 
soft. The water is then squeezed out, and the pulpy substance remain- 
ing molded into loaves, which are baked in the hot ashes. The bread 
thns obtained bas a sweetish taste, is very nonrishing, bnt, being very 
heavy, can hardly be easily digested. 

The women also collect, in proper season, the ftnit of the aawarra, 
(Columbia cactns,) out of which they manufacture the native whiskey, 
(called tiaicin.) This, after one fermentation, mast be aned at once, for 
otherwise it becomes sour. All Pimas are inordinately fond of this bev- 
erage, and old and young partake of it until the whole nation are wildly 
dancing about iu a drnukeu frenzy, aatil at last they drop to the ground 
overcome by the stupefying effect of the liqnor. 

The women also spin and weave ft coarse kind of blanket, gather 
large qnanties of hay annually, which are sold to white men, gather and 
carry all the fuel needed by their family, make the ki-ho, a peculiarly 
constructed basket carried on the back of the head and shoulders by 
means of a broad straw strap fitting across the forehead, manufacture, 
of willows and reeds, superior baskets, which are made so perfect that 
they will hold water, and finally excel in the manufacture of >a coarse 
kind of pottery-ware, making jugs, dishes, plates, and all their other 
household utensils. 

Digit zed by Google 
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IV0UX HOBR OF MiSIIffi ABBOW-HEABS AND OBTAIXINO FIRC. 

Extract of a Mlerfrani Gmirul George Crook, Caiied Stales Army. 

A great portion of tbe couutry enst of tlie Sierra Xevada and Cas- 
cade ranges of mouutains bas quantities of small slivers of obsidian 
scattered over its snrfaoe. Tbe Indians collect tliese, and by laying 
their flat side on a blanket, or some otber substance that will yield, 
they will, with tbe i>oint of a knife, nick off the edges of this to the 
desired shape with remarkable facility and rapidity, making &otn fifty 
to one hundred in nn hour. In their primitive state they probably 
. used buckskin or very soft wood instead of the blanket, and a piece of 
pointed horn or bone for the knife.* 

The fire-sticks consist of t^o pieces. ' The horizontal stick is generally 
ttom one foot to a foot and a half long, a couple or three inches wide, 
and about one inch thick, of some soft dry wood, frequently tbe sap of 
juniper. The upright stick is uxually some two feet long, and from a 
quarter to half an inch in diameter, with t)ie lower end round or ellipti- 
cal, and of tbe hardest material tbey can find, lu tbe sage-bnsh coun- 
try it is made of " grease wood." 

When tbey make fire, tbey lay tbe first piece in a horizontal position, 
with the flat side down, and place the round end of the upright near 
tbe edge of the other stick ; then taking the npright between the bands 
tbey give it a swift rotary motiou, and as constant use wears a bole in 
the lower stick, they'cut a nick in its outer edge down to a level with 
the bottom of the hole. The motion of tbe upright works the ignited 
powder out of this nick, and it is there caught and applied to a piece 
of spunk, or some other highly combustible substance, and from this 
the fire is started. '' 



AKCIENT HOtrNS, NEAB LEXIK6T0K, KENTICKT. 

Bv Dr. RoBEr.T Pbteb. 

The little mound from which the accompanying specimens were 
taken by Mr. Fisher is on the sonthem bank of tbe North Elkhom 
Creek, in a bottom field, about 15 feet above tbe level of tbe creek at 
low water. The field has been cleared of its timber, covered with blae- 
grass, used as a pasture, trampled by cattle and rooted by hogs, as 
long as can be recollected by the present owner and neighbors ; conse- 
quently the mound now presents only a gentle swelling on the level sur- 
face of the ground. It is about 70 feet in diameter, and rises in 
ita center only to about 3J to i feet above the general level. It is ^ta- 
ated abont half a mile west of the small, ancient, circular ditch, on the 
bluffs of the C. Shelton Itloore place, described in Collins'a History of 

*TUe Klamtith fiiver ludians ofWn madoarrow-beaiklium brokeo junlc-botUea. — O. 
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Kentncky, published in 1847, (page 294,) and abont a qaarter of a mile 
QOrth of tlie larger aDcient work near tbe dividing line, between the old 
military surveya of Dandridge and Meredith, described in the same 
worb, of which I shall append a fnrther description. About a mile and 
a half nearly north of this little mound, on the Nutter farm, is a larger 
mound, apparently abont 13 feet high. 

The manner in which ^these relics were discovered by'Mr. Fisher was 
as follows : His attention having been drawn to tbe appearance of frag- 
ments of flint arrow-beads and other articles, in a bog-wallonr near tbe 
center of tbe little moond, be dug a bole there abont 3J feet deep and 

4 or 5 across, and discovered a bed of ashes about 2^ feet deep and 4 or 

5 feet in diameter, in which tbe relics I send yoo were fonod, together 
with pieces of charcoal, most of which seems to have been made from 
small stems. The copper articles were nearly all together, and a little 
to the north of the center of tbe bed of ashes, while the other articles 
were scattered throngfaont tbe same bed, in which were abont a peck of 
tiint arrow-beads, all evidently broken by the action of fire. Tbe cop- 
per articles were found, according to Mr. Fisher's- description, in the 
following positions: The larger of tbe adze-shaped edged-tools, or cop- 
per axes, was Ijing wltb tbe concave side downward; nest immedi- 
ately above it was the longest of tbe ornamental articles, the one 
with one ear broken off, and with the rust scraped off from tbe other. 
It was lying crosswise, with the ear nest to the broader end of tbe 
lower piece. Above these was the second ornamental article, the one 
havhiga piece of flint arrow-head attached to if; this was lying with 
the flint upward and the horn downward. It has a fracture in the 
surface of tbe rast, on the lower side, corresponding to a piece of the 
same attached to the top of the charcoal on tbe adze-shaped article 
which lay below it ; the ear wa» resting on the broad end of that article. 
Close to these, and with one horn under the pile described, was the 
largest article, nearly square in shape, with one bom curled and another 
broken off about three-fourths of an inch from the body. The smaller 
broken adze-shaped article was lying on this diagonally. The broken 
bom wae found near by. There were three bemispbencal articles of 
iron found, of which two are sent, and several pieces of sandstone, 
similar to the coarsest ones sent. 

The singular pieces of stone with holes bored through them seem to 
have been tractnred by fire. Others, somewhat like these in shape, 
each with two holes, made of tbe native sulphate of baryta, which 
occnrs in numeroqs seams in our limestone rock, are frequently found 
in this neighborhood on tbe surface of the ground. I send two in the 
box, and a hemispherical piece of tbe same material. They may be dis- 
tinguished by their whiteness from those taken from tbe mound. 

It is remarkable that all tbe fragments of bones found in this mouud, 
in Mr. Fisher's digging, are of tbe lower animals, and seem mostly to 
have been worked or carved for useful or ornamental purposes. No 
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Imman osseoas remains were seen. If this mound was made to oover 
tlie dead, the bones have either been entirely destroyed in the lapse of 
time, or the bodies were laid in the oatside circumference of the mound, 
-aroand the Are, iwrhaps so that they were beyond the hole made by Mr. 
Fishei. Tbi3 qnestion may, however, he aettled by digging a trench 
across the diameter of the moaod. 

The copper of which these ax-shaped and. ornamental articles are 
made is doubtless the native metal. I can discover no sign of any in- 
BcriptioQ or carving upon them. The great length of time daring which 
they have been bnried is shown by the conversion of the whtrie thicli- 
ness of the copper, in some places one-fourth of an inch thick, as in the 
little axe, into carbonate and red oxide of copper. 

As you will see, the carbonate of copper &om the copper pieces has 
been diffused over the charcoal and other surrounding objects, so as to 
serve as a cement attaching them firmly together. 

It is difficult to imagine the use of the Sat square, or oblong square 
copper articles with the two curved boms at one end. Perhaps they 
were omaments to be suspended from the neck ! Neither can we tell 
the object or applications of the stone shaped like the button of a door, 
with the two bored boles through them. 

On October SO, 1838, 1 made a measurement of this ancient work, 
partly on the Meredith liirm, and I give you the subjoined extract from 
my notes made at that time : 

" This large, nearly circular work is situated on a slight hill, where 
the comers of the Meredith, Breckinridge, (Dale,) and Moore farms 
meet near the North Elkhom Creek. It consists of a ditch, in some 
places, six feet deep. The earth has been thrown tip generally on the 
outside, but sometimes on the inside, with no raised pathway at present 
visible. ^ 

" This work where the native forest is still left, covered with as 
large timber as in any part of the surrounding country, and trees, as 
large and old as any, are growing in the ditch and on the embankment. 
Measured in a direction north 53° east, it is 1,138 in diameter. In the 
direction south 72° east it is 1,221 feet in diameter. Its circumference, 
taken by carrying the chain around in the middle of the ditch, is 3,679 
feet 

" About 2,100 feet distant fh>m this old circular wort, in a northeast 
direction, on a higher bill or ridge, on the farm of C. Shelton Moore, is a 
smaller but better preserved work, of somewhat similar construction ; 
the ditch is still very regular, being fully eight feet deep. The circular 
platform defined by this ditoh is on a level with the top of the outside . 
wall, and seems to have been raised above the common surface of the 
ridge. It has large trees growing on it and on the sides of the ditch. 
It is perfectly circular, and measures 132 feet in diameter. A raised 
passway on a level with the platform interrupts the ditch on the north- 
west side. /^ ~ I 

U,3,rz.db;,C_iOO^k' 
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** In the hollow between tbe bills on which these two aocieiit works 
are situated is another small ditch, quite shallow, inclosing a circle of 
about 82 feet in diameter." 

In Collias's History of Kentucky, page 295, you will see it Btated that 
in 1845 an ash tree, supposed to be foar hundred years old, growing ou 
tbe ditch of the larger work, was cot down. 

Of course,- time and cultivation bare alt«red greatly the appearance 
of these remains since these descriptions were made, bnt tbe plow has 
not yet entirely obliterated the ditch, even in tbe places which have been 
tbe longest in coltivation, and frequently flint arrow-heads, and pieces 
of pottery, etc, are observed on the surface. Once a large deposit of 
new arrow-beads, made of bom-stone, were plowed np. 



SHELL HSiF IS fiEOSGU. 

Bt D. Baowx, OF LmBEiiTviLi.E, Xbw Jbrset. 

Your mention of receipts from " shell-heaps " reminds me of perhaps 
tbe largest shell-heap in the Sooth, on the island of Osabaw, below 
Savannah. It had not been disturbed when I saw it, some thirty years 
ago, and may not yet have been, as tbe island is not in a traversed 
roate. It is one of the largest of the sea islands, and was probably 
long ago a royal residence. When the island was assigned by Ogle- 
tborpe to one of his companions, Morel, ancestor of my wife, it was 
occupied by droves of wild horses and cattle, with various large and 
small game. "When afterward his sons were sent to England for edu- 
cation, peltry and furs from the island were exported to meet their ex- 
penses. 

If the moond has not yet been disturbed persons curious in such mat- 
ters might be intlueed to cause its excavation. 



BEMABKS Om kTX iKCIEM BELIC OF MAYA BCtLPTCBE. 

Bv Dr. AitTHUR ScHOTT. 

In presenting to the Smithsonian Institution the accompaoyiog relic 
of Maya antiquity, tbe donor wishes to add some remarks, which may 
be interesting to the ethnological reader. 

This specimen was received from Sefior D. Juan i 
Mauzano, M. D., of Yalladolid, a once considerable J 
town of Eastern Yucatan, where it was given to blm I 
some years ago, as having been picked np amonj^ the I 
fhmons ruins of Chicben Htz&. 

The material of which this little piece of art has bi>en 
cat is a semiagatized xyolite, still bearliijf the mnrks of sUidfied oonlf- 
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eroas wood, a fossil probably foreign to the soil of tlie peQiosnla. The 
mask of a human head or skull, which this relic evidently represeote, 
measures 25 millimeters iix)m chin to the top of the forehead, and 22 
millimeters across just above the eyes. The vertical facial line is divided 
iuto three equal parts,corresponding respectively to the maxillary, nasal, 
and frontal regions. The space between the eye-sockets measures 7 
- millimeters, and the facial angle is about 80 degrees of aa apc. The dis- 
tinct employment of geometrical forms by which some of the details of 
the face are limited, is a promiuent feature of the design, and invites 
particular notice. 

T^o circles of equal diameters, with their inner peripheries touching 
each other, form the ocular region. The point where these circles con- 
verge is assigned to the root of the nose. A straight horizontal line sepa- 
rating the upper and lower jaw and running right to the centers of four 
rings of equal size divides these tatter into eight half rings, which seem 
to represent so many teeth, the four upper ones standing directly upon 
the lower. On each side of the head, and in place of the ears, two holes 
are bored, one lateral and the other from the back, so as to meet each 
other almost under a right angle. Over the temples a shallow grooved 
line runs toward the upper part of the eye-sockets, where it is proba- 
bly intended to mark more distinctly the prominent cheek-bones. 

As a work of Art the specimen is much Inferior to many others which 
have been left by the Mayas, for simple linear designs are freely substi- 
tuted for real plasticity. In other respects, however, it proves a consid- 
erable degree of met^anical skill as well in the polish of so bard a. 
material as also in the obvious application of the driU. Still more re- 
markable and mytbologically highly interesting ia a certain amount of 
symbolism plainly expressed ia the principal details of this specimeo of 
sculpture. Here the most striking feature is shown in the twice foar 
teeth, for wich a race like the American aborigines, §o well known as 
close and faithful observers of natural objects, this deviation £rom 
reality can only be taken as an intention^ representation of certain 
numerals ever recurring in their works of sculpture and architecture. 

To decipher the special meaning embodied in the present piece most 
be left to the efforts of professional mythologists. Suffice it to hint here 
at the direction in which such researches should be made. 

As to the purpose for which this little piece may originally have been 
intended, It is only conjectured that it was onoe worn by some person as 
a badge or amulet, for the double lateral holes seem to have served for 
passing through strings or fastsnings of some kind. 

There is another fact.connected with the present relic — ^that is, the high 
appreciation with which the arts of sculpture and stone-cutting have 
been considered among the ancient Mayas. They were, indeed, so 
highly esteemed that their protection bad been assigned to a speciid 
deity, called " Stubtun.'" This name is formed from the verb tu&, to cnt^ 
carve, engrave, and tun,Btoucoi rock. The H prefixed, wh^n used as a 



iUCIEKT HISTOET OP HOBTH AMEHICA. 425 

name or a Doati, gives it a male character. In the theogoay of the 
Mayas Htubtun seems to have occupied the same position as Pluhis did 
in Greek and Roman mytbolog;-, for both were the dispensers of min- 
eral riches, especially metal and precious stones. Wliether Htubtun 
stood iu similar relation to some other kindred deity as Plutus was to 
Pluio, the writer has not been able to learn, thongh the very design of 
thy |)resent specimen may justify such a supposition. 

A\CIEXT HISTORY OF XOBTH iMEBICi. * 

C01Iur>'ICAT10N TO THE ASXBK0POLOG1C4L SOCIETr OF VIENNA, BY BK.M. MCCH. 
|Trnni>Ulea tot the SmiUiHHiiiui Inttltntlcm by Pro&HKr C. F. Eroeh.] 

The material for the andeut history of America is already so exten- 
sive, that I mast content myself with « general sketch, briefly touching 
upon the different views on the origin of the aborigines and their place 
among the races. 

At first it was thought they derived their origin fVom the Jews, and 
Englishmen and Americans versed in biblical lore drew largely ou the 
Old Testament for proofs. Soon the Caithagenians and Pbcenicians 
took the place of the Jews, to be displaced in their turn by the Egyptians 
or Macedonians as the progenitors of the Indians. Finally the blood of 
Celts and Teutons, and even of Greeks and Bomans, was said to Sow in 
their veins. The most plausible reasons were found for such views, 
from which scarcely a people of any note was excluded. 

The report that Greek inscriptions and remains of Soman eninps 
bad been found in America, yon will, of course, immediately reject as 
a silly hoax. More lately, extensive remains of K<innaQ settlements 
were said to have been discovered in the United States, and these 
were immediately employed bo makf up a case, with the Norse myths 
and songs, which nofortnnately existed only in the imagination of the 
discoverer. 

Other American scientists, especially Morton, advocated an autoch- 
thtmous race of America on the sounder basis of comprehensive anthro- 
pological studies. But this view is no longer satisfactory, for the im^ 
pulse to the civilization of Mexico, Centi;al America, and Pern, myste- 
rious as it still is today, not only seems to have come from without, but 
the people themselves seem to have been foreign and not native to the 
soiL The opinion, advanced a long time ago, that the original inhab- 
itants of America are of Mongolian extraction, is gaining more and more 
weight.* 

According to Professor HaeckeFs genealogy of the twelve races, the 
Mongolians separated early into three branches — a sontheastem or 
Coreo' Japanese, a soathwestem or Indo-Chinese, and a northern or 
Ural- Altaians. These again sent out branches westward, where they 
separated into Tungusians, Samoyedes, Kalmucks, Tartars, Turks, 

' I End tbii view etill farther aupported in the iuteTestiDg lecture of ProfeMor Fr. 
Miiller on the inbabitaDts of Alaska, in \iliich be points to the Bimilarit; of relif;ioii» 
TievB in the northeaatem tribes of Asia and tbe Indiaos of Alaska. 
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Fine, and Magyars. Another braoch probably took an easterly direc- 
tion long before giving rise to the "Arctics," wbo flrat peopled North- 
eastern 'Asia, and afterward crossed Bebring's Straits, and passed into 
America. 

Perhaps the depressing influences of thousands of years had formed 
a deteriorated branch in Asia, the descendants of wbicb are still repre- 
sented by the Esquimaux in tbe extreme north of America, irbile a 
so^em and more vigorpns branch cboae the more temperate parts of 
Korth America, and spread in the course of time over the whole con- 
tinent. In the extreme sonth this race vaa again modi6ed by depressing 
natural iudnences similar to those which operated in the north. 

The aborigines of America differ, as we all know, in their languages, 
and are divided into tribes ; but the type of these tribes and tbe organic 
structure of their languages are essentially the same. Only the Esqui- 
maux differ fh>m the general type, but their language is intimately 
related to those of tbeir southern neighbors- According to this view, 
the wave of Indian population, which in tbe old world advanced from 
east to west, most have talvo a direction from north to south in the 
new; it is confirmed, indeed, by historical and myUiical traditions, as 
weU as by tbe character of the remnants of civilization found as we 
advance from north to south. 

Greater or less jwrtions of the population, especially in Mexico and 
Central America, seem, however, to have been in constant motion. 
This mobility is the attribute of a nation of hunters, who drive the 
existing population before them. Again, the migratory impulse, so to 
speak, seems to belong to a certain x>eriod in tbe development of a peo- 
ple. It is exemplified in our own Teutonic ancestors, whose impetuous 
advance not only caused the dowpfall of the Boman Empire of a thou- 
sand years' standing, bat also involved the entire popnIatioD of Europe 
in its motion. 

Passing to tbe reUcs of American civilization, it most be stated in 
advtuice that the determination of tbeir age, their order, and tbeir whole 
history is as yet much more difficult than tbat of European remains. 
And this for two reasons: First, because of tbe very gradual devel- 
opment of civilization. The form and material of utensils and weap- 
ons remain the same during long intervals, and sometimes up to 
the historical period, whence it happens that remains, differing in age, 
perhaps, by thousands of years, can hardly be distinguished. Sec- 
ondly, certain characteristic periods in the development of civiliza- 
tion, sncb as the appearance of metallic utensils in Europe, by which a 
classification might otherwise be effected, are wanting. Metals, espe. 
cially copper, were long used in America; they are found in the most 
ancient deposits, while they are absent in the more recent; but the use 
of copper is no proof of a more advanced civilisation in America, since it 
was for the most part employed in as rough a state as that of stone. 
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stone hatcbets, and fasbiooed with tbe hammer. The natives evideotly 
bad DO idea of ita fasibility. For this reason, the nse of the metal does 
not indicate greater progress, and we are thus deprived of a means of 
classification. 

Iq Mexico, Central America, and Pern, it was diflferent, however. 
There we have erideoce of a high degree of shill in the working of 
metals (iron being almost the only exception) in the more recent period. 
They bad advanced beyond tbe mere, hammering of pieces of metal 
fopnd by accident, and understood smelting, and even attempted to 
obtain metals by mining for ores. The American remains were, there- 
fore, arranged according to the places where they were fonnd, or the 
pnrposes for which they were intended. But to keep in view the prog- 
ress of development, I have taken the liberty of adopting the following 
arrangement: I would assume a period immediately preceding the advent 
of the Ear(^>ean8 in America, and continniog for a short time afler. 
This would correspond to onr historical age, and may be designated, in 
a restricted sense, as tbe historic period. 

A second epoch would include a time far removed even from the rec- 
ollection of tbe inhabitants at the time of Columbus, and characterized 
by a different distribntion of the population and other complete levo- 
Intionx. To this period belong the great mounds, particularly those of 
the Ohio Valley. It might be called tbe monnd period, and corresponds 
to tbe advanced portion of tbe age of stone, and the beginning of the 
age of bronze in Eniope. 

Tbe third and most ancient period would then include those discov- 
eries which point to the co-existence of man with extinct species of ani- 
mals. It corresponds to the age of the mammoth and the reindeer iu 
Europe, and might be' called the diluvial period. 

Utensils of all kinds, and buildings or mounds, belong to tbe two more 
recent periods. Tbe buildings of the first or historic period are fonnd 
chiefly in tbe eastern parte of the United States and Ctwada, in Mexico, 
and CentralAmerica. In the United States, Canada, and farther north, 
they consist of mounds and bnlwarks. 

The mounds of the first perlbd are places of interment, and corre- 
spond precisely to tbe tvmvli in Europe. They were probably used for 
the burial of chiefs, since they contain for the most part one or only a 
few skeletons. Sometimes, however, heaps of bodies or their skeletons 
are piled up, and covered with a kuoU of eartb. Whether these are 
the bodies of Indians fallen in battle, or of the victims of immense sac- 
rifices, remains undecided. They are on an average 5 feet high, with a 
base 25 feet in circumference ; bnt there are some as high as 15 feet, 
and having a circumference of 60 feet. That the Indians, even during 
tbe time of their first intercourse with the Europeans, erected such hil- 
locks as graves for distingnished chiefs, or to commemorate important 
events, has been proved in several cases. 

Tbe works of defense consist of walls of earth, and rarely of stone, 
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ftirtiislied iu each case ^itb palisades. They are for tbe most part near 
Tirers and brooka, always uear crater, aud especially at places sorroanded 
on more tban one side by water, oa elevated gronod, defended ou one or 
more sides by natural stren^h of positia<D. 

To the age which, in America, correspoDds to oar historical period, 
belong also the remnants of those grand structures, those wonderful 
ruins of palaces, temples, and cities, which, even at the present day, 
bear witness of the high degree of ciTilization of their builders in 
numerous localities of Mexico, Yucatan, and Central America. Although 
they are almost destroyed, and covered with luxurious vegetatioo, these 
remains afford a wealth of scientific material, but I must content myself 
with merely naming them. 

The characteristic structures of the second period are the mounds, and 
the period itself is the period of the mound-buildera. These mounds 
are of three kinds, for burial, sacrifice, aud worship, and occur lu the 
whole Mississippi Valley, but most frequently in the Ohio Valley, in 
the vicinity of Chillicotlie. The bnrial-mounds correspond to those of 
the Atlantic States, bnt are ftenerally larger. Many are as high as 60 
feet. They iudicat« a greater antiquity, by the more odvajiced stage of 
decomposition of the contained skeletons. Sometimes the bodies were 
burned and their ashes deposited iu nrns. Weapons, ornameuts, ^d 
utensils are always fooud in them, but remnants of food occur only in 
the more recent. Signs of fire and animal bones, probably remnants of 
sacrifices or of " wakes," are often found under the top surface of these 
mounds. Sometimes the chiefs of a later period were burled in the old 
mounds, and in such cases the well-preaerVed skeleton of the new-comer 
is found above the crumbling one «f the older. An interesting case in 
point came to light in December, 1870, when a molind near Saint Louis, 
Missouri, was opened by a scientific commission. It was 40 feet high 
and 300 feet long. Twenty years ago a dwelling-house was built on it 
and a cemetery instituted beside it. On digging, the bones of three 
different races were successively brought to light ; first, those of white 
men } in the center, those of Indians of the present day ; and below, 
those of the ancient mound-builders, who lived there before the Indians 
that possessed the land at the time of the white man's arrival. Their 
bones were deposited in two large stone chambers. 

The second class of the older earth-mounds consists of those nsed for 
sacrifice. They are only a foot or two high. A small depression at the 
top bears evidences of burnt sacrifice on the hardened clay; and the 
ashes often contain objects of various kinds placed there to propitiate 
their deity or to atone for their misdeeda These otgects are almost 
without exception broken, and have suffered from fire and the effects of 
time. 

The third class is that of the temple or palace mounds, the most im- 
portant of all. They have generally the shape of truncated four-sided 
pyramids, with terraces, steps, and dam-like elevatioDS, which oxe oftea 

, .1 ,C_iOt>^lc 
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tnterrupted byRinaller mounds. Tbeir dimeDaions are enormoaa. Some 
are aa high aa 90 feet, and have a length of from 600 to 700 feet at the base. 
The npper snrface of the great pyramid in Washington County, Missouri, 
contains 12,000 square feet. It is the largest of a group of eleven of 
Buch mounds. These mounds are either fonnd alone or in groups; some 
are surrounded by earth-walls and others are not. Besides tboae of the 
Mississippi Valley, similar large earth-pyramids are fouDd in theColorado 
Valley, where tbey are considered as Aztec structures. They have nu- 
mistakable signs of former bnildings upon them. Probably these earth- 
works bad no other object than to serve as elevated bases for temples 
and the bouses of chiefs and priests. Theae buildings must ha:^'e been 
formed of lighter material, for they have entirely disappeared. Kever- 
tbeless tbey remind us of similar but more perfectly executed buildiugs 
of a later time in Mexico and Central America. All investigators agree 
that their builders belonged to a much higher civilization than tboae of 
the smaller grave-mounds in the east, or the Indians of the present day. 
It is said that the utensils from these mounds are worked with much 
more skill, and that some among tbcm justified the conclusion that the 
builders followed agricultural pursuits. Another remarkable circum- 
stance is, that now and then copiier utensils were foundjn the posses- 
sion of the Indians on the Atlantic coast. These, however, can only 
have been such aa they found among tbe remainsof the more anoieut 
race ; since investigations of the Lake Superior copper region prove 
that tbe knowledge of making use of these copper-ore deposits had 
already been tost at tbe time when the Europeans took possession cf 
America. Indeed, copper utensils are found ool; in tbe earth-worka of 
the (dder, but not in the mounds of the more recent period. 

The mere presence of these large earthworks, however, with 'their 
inclosnres or bulwarks, is sufficient proof of a more highly developed 
people, who were no longer nomadic. I cannot help thinking that the 
MisBissippj Valley may have been at one time the home of the Aztecs 
and Toltecs, who there erected, so to speak, the first cmde models of 
their later wonderful structures, and then moved southward from un- 
known causes, carrying with them their higher civilization, and develop- 
ing it still further in their new homes; while the inferior race, whieii 
took.jwsscaaion of their abandoned dwellings, remained without knowl- 
edge of the rich ore deposits. 

There are also earth-works of another kind, similar to those iu the 
Atlantic States, which doubtless served as fortifications. Some probably 
were inclosnres of small villages; for they are usually found near aiu- 
gle or around whole groupa of mounds, and have tbe ditch ou the inner 
side. They frequently inclose large areas, but not a trace is left of the 
dwellinga, which may have been within. 

A very peculiar species of earth-works are in the shape of men or 
various animals, the outlines of which they represent. Perhaps these 
partook of a religious or national character, aome of the tribes being 
named afler certain animals. 



430 ETHNOLOGY. 

In the most recent t>erio(1, tbere is an enormoas difference in the 
nature of the utensils employed by the nortberu and southern peoples. 
This difference is due to the use of metals. In the north are found almost 
exelosiyely utensils of stone, while in the south very fine ntensils of 
copper, bronze, gold, silver, &c., occur besides. If the report is tme 
that arrow-heads of iron were found in possession of the inhabitants of 
some parts of South America^ these can only hare been made of 
meteoric iron. 

The utensils occur in the same manner as in Europe, They are found 
in the tomb-mounda, where they were deposited with the dead; or in the 
altar- mounds, where they were brought as a sacrifice, or rather a gift of 
propitiation to their deity. In the latter case they are usually broken 
to pieces, probably on purpose, injured by flre, and mixed with the ashes 
of the victims. They are frequently bronght to light by the plow or 
by violent rains, which wash away the soil, and lay bare the heavier stone 
utensils. The distribution of settlements is also similar; olten consid- 
erable regions are without any, while they are very numerous in more 
favorable localities. In Xorth America, they are most frequent in valleys, 
where they are recognized by an abondanee of Iragments of vessels on 
the surface of the soil. 

Sometimes earth-heaps similar to the Danish i^okkenmoddings indi- 
cate the spots where those old settlements stood. They have been lately 
investigated in several eases by Wyman, Morse, and our indefatiga- 
ble countryman, Charles Rau, Their appearance is the' same as in 
Europe, with the ditference, of course, that the animal remains belong 
to different species. Among the masses of broken shells, they contain 
more or less numerous utensils of stone and bone along with potsherds. 
They occur along the whole Atlantic coast Near Keyport, New Jersey, 
on an island north of Du Franjais Inlet, at Crooch's Cove, Goose Island, 
in Casco Bay, Eagle Hill, at Ipswich, Massachusetts, Long Island, and tlie 
mouth of the Altamaha River, in Georgia. Traces are also found along 
the coasts of Massachusetts, Newfoundland, Nova Scotia, Florida, and 
California. A portion of the city of New York is said to be built npon 
such deposits. To what period they belong, or whether they belong 
to different periods, has not yet l>een detennined. Finally, we mast 
mention the relics of human ctvilizatioQ found by the German 
North Pole Expedition in Greenland, and brought home by it from 
the abandoned huts of the Esquimanx, They probably belong to a 
comparatively recent time. 

The tools, weapons, vessels, and ornaments of the inhabitants of 
America probably remained unchanged for very long periods of time. 
Only the Mexicans made considerable progress in the latest period ; 
but we know that even they had not yet given up their knives of obsidian, 
although they might have made them of bronze. Montezuma himselt' 
wielded the terrible Mexican sword, the edge of which was composed 
of pieces of obsidian, and you can even today admire his stone battle- 
ax in the Ambras collection. i C_iI,>OQIc 
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The objects foniid in tlie North are chiefly arrow-heads, as might be 
expected ia the case of a people of hunters and warriors. lu the col- 
lection before yoa, there are specimcDs of the varions shapes, some 
scarcely an inch loiig and having a ronaded point, whileothers are more 
than three inches in length. Precisely similar in -shape and material, 
(the latter being pure quartz, flint, chalcedony, jasper, roct-crystal,) 
only larger, are the lance-heads. The royal mineralogical cabinet is in 
possession of a maguiflcent arrow-head of pnre rock-crystal, evidently 
of American origin. It is remarkable that many lance andarrow heads 
slant uneqnally on the two edges, so that the arrow or lance wonld 
as^ame a rotary motion on being discharged. 

The knives were also made of flint and obsidian by breaking them off 
from suitable blocks by means of a single blow. They differ in no way 
from the European. The Indian wedges are also like those fonnd in 
Europe, a circumstance that need not surprise us in an instrument of 
so primitive a nature. The specimen before yon, with its rounded sides, 
was taken directly in the hood, and used to skin larger animals. 

The hatchets, of which three specimens are before you, are of a shape 
peculiar to America. Tbey are provided with a deep groove under the 
neck running around the sides, into which was fitted a forked branch 
forming the handle. From their frequent occurrence we conclude that 
they were the most usual weapon, which was lat«r and only gradually 
supplanted by the iron tomahawk. Hammers with holes to receive the 
handle are rare. 

Among the other stone instruments, the grindstones differ also from 
the European, being of the shape of stones used for rubbing up colors. 
Larger disks, concave on both sides, were probably used iu games, and 
smaller ones of various shapes, and pierced with holes, may have served 
as ornaments. The oval stone before you, with a groove running all 
around it, may either have been a piece of ornament, or a sinker for 
a net. 

Which shapes and which material belong to the earlier, and which to 
the later times, will probably be determined only after long researches. 
Dr. Dickerson, of Philadelphia, claims an age of three thousand five 
hundred years for these arrow-heads, which were fonnd in one of the 
Mississippi States. Among them you perceive half-finished and spoiled 
pieces. Those made of quartz correspond in shape with the iron 
arrows of the present day, of which yon also have a specimen before 
you; they are, therefore, very likely the more recent. Among the 
metallic utensils, we must first mention the copper hatchet, an imi- 
tation of the stone wedge attached to a club like the Celtic ax, 
a chisel, and lauce-heads. Among the ornaments are perforated copper 
plates, concave disks, objects resembling buttons, smalt round disks of 
thin copper plate, or wire for stringing on a thread, like pearls. The 
copper was doubtless taken to Central America from the Lake Superior 
copper region. 

The inhabitants of Mexico and Central America bad made great prog- 
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ress in the working of gold, silver, copper, and tin. They made oot 
only wf apoD» aotl ornaments of metal, but also vessels showing a high 
degreeot' skill. They alloyed copperaod tin, and mantifactared bronzed 
ntensils, to which tbey imparted considerable hardness by hammering. 
But the arrow-heads und knives of obsidian remained in ase at the same 
time ; the latter probably in consequence of their being used, in the 
terrible human sacrifices, to open the breast of the Tictim and cut oat 
the heart. Immense numbers of such obsidian knives, as well as arrow- 
heads and chips, are still fonnd in varions localities. A mountain dis- 
tinguished for the large number of these objects is still called "the 
mountain of knives." The inhabitants of the Mississippi Valley ob- 
tained the obsidian arrowheads from Mexico in exchange for other 
articles, 

The pipes are peculiar to America. They are called moand-pipes, 
on account of their being found almost exclusively in the altar-mounds. 
The Indians were in all probability the first smokers, and so great was 
the esteem in which they held the enjoyment derived from it that they 
devoted more labor and skill upon their pipes than upon their weapons. 
The pipes are of stone, with a base in some cases 6 inches long, one end 
of which forme the stem. The bowls are in the center of the base and 
are about 1 or 1^ inches high. These bowls are in most cases fashioned 
in imitation of human heads, with all the characteristics of the Indian 
race upon them, or various animals, which are ao faithful that they can 
be recognized at once; a fact which is the more surprising, since the 
pipes are fashioned of a sinf^le piece of very hard stone. The pipes of 
baked clay fonnd in New York and elsewhere seem to belong to a later 
period. 

The Indians of to-day also devote considerable attention to the 
adornment of their pipes. Many are cut from the red pipe-clay of the 
West, which was discovered by the celebrated artist and ethnographer 
Catlin. The beds of this clay were considered as on neutral ground by 
the Indians. 

Among the other objects, which I have only time to name, are needles 
and bodkins of bone and bom, pearls of bone and of various shells, 
genuine i)earls, perforated claws of eagles and bears, teeth of wild-cats 
and of the shark, pertbrated bits of mica, and the like. The vessels 
of clay, however, require a more detailed consideration. They also 
show some resemblance to the products of the corresponding era in 
Europe. They were al) fashioned without the potter's wheel ; in many 
cases baskets of willow or rushes served as models. They were cov- 
ered inside with clay and placed with it in the fire. Thus the wicker- 
work left its impression on the outside of these vessels. This method, 
according to Catlio, was still practiced in the present century. In 
some southern localities pnmpkins were covered with clay on the out- 
side, and the whole placed in the fire. 

A great number of the vessels, like the older European ones, had a 
round bottom, and could only be used for hanging up by means of a 
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projecting edge. Their forms are as yarious aa their dimensioas. The 
material consists or a black clay, mixed, as iu Europe, with quartz saud, 
or, as is the case more freqaently, nitb more or less finely pulverized 
shells. Sometimes the clay is used withont any admixture. Iu the West 
Indies the pulverized bark of two trees, HirteHa silicea aud Moquilca, is 
nsed in the place of Band. This bark is very rich iu silica, aud produces 
vessels of a very fine grain, fragments of which are found iu large num- 
bers ia all settlements, and especially at the places of manufacture. 
One of the latter was discovered aud described some years ago by 
Charles Kan. 

That the Mexioin porcelain vessels sUould show a higher order of 
skill, might be expected after what has been said. A Portuguese writer, 
during the first years of the Spanish rule, declared that they were in no 
way inferior to those of Europe. 

Although it is uot denied that there ia no reason for distinguishing 
in America between a palieolithic and a neolithic period, there ore, 
nevertheless, authenticated facts which might lead to such a distinction. 
One of these is the discovery of human bones together with those of 
extinct species of animals near Kat«liez, Mississippi. Another ia the 
discovery of a human skeleton under several layers of submerged 
forest formation in the Mis8is8ii>pi delta, near Kew Orleans. Still an- 
other is the presence of human bones iu a limestone conglomerate 
forming a part of the coral reefs of Florida, whose age is estimated at 
teu thouaand years by Agassiz, 

Unfortunately there bas been so much exaggeration in America, 
along wiih trustworthy reports, that caution is neceasary in accepting 
as true unusual statements, even when they have a scientific coloring. 

From the report of the German archaeologist. Dr. E.och, on the 
mastodon* found in Gasconade County, Missouri, it is beyond doubt 
that man existed in America aa early as that auiuial. Iu another case 
flint arrow-heads were found along with bones of the mastodon in an 
nndisturbed deposit; and at thePomme de Terre Kiver, Missouri, a 
mastodon skeleton, together with an arrow -point, as fouud Covered with 
15 feet of alluvium. 

Finally, I must state that there is scarcely a subject which excites 
the interest of American scientific men so much as the aucieut history 
of theit continent. Let me call your atteutiou to the liberal support 
which they eiuoy, the existing collections iu every large city of America, 
the efforts of the Smithsonian Institution, and tho donation of the 
great philanthropist, Feabody, who appropriated £100,000 sterling to 
the establishment of a museum of ludian antiquities. 

The greatest collection of American antiquities in Europe is that at 
Salisbury, England ; aud in America that of the Smithsonian Institution. 
Dr. Dickersou has also a very large collection of which he is about to 
publish a catalogue. 

* I iDDBt Btate, bonever, that Lyell aBaigoa much lew uktiqaity to the lAmeriMnitbaai 
h> the European mastodoD. ' '-'''*'(^<l^ 
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.Bt V. L. O. BCEHKIO. 

In the year 1866 the -writer of this article spent the interval from the 
4t1i of July to the 20th of November in constant intercourse with the 
Daliota or Sioux ludians, near Fort Wadsworth, Northern Dakota 
Territory. 

Preriously to his going to that out-of-the-way region he had happened 
to make himself lu some measure acquainted with the langnages of 
several of the Indiau tribes, particularly with the Chippewa tongue ; and 
he then at once directed hia attention to thelanguage of those Indiansin 
whose immediate neighborhood he was going to reside for a while, 
namely, the SioKt Nation, or Ddkotas. 

It would take.a whole volume to record his varied experience with 
those iuterestiug. tribes and tlie result of his ethnological and lingnistio 
reseiirches during the time he lived among them. On this occasion, 
however, be will content himself with presenting to the reader only 
a verj- few faint and cursory glimpses of merely sueh matters as may 
arise in bis recollection, and as pertain to the language of these people. 
It is hoped that his elucidation of desultory topics of this natnre will 
not prove altogether uninteresting to the ethnologist or philological 
inquirer. 

Whenever any new truth is presented for onr comprehension, or any 
new subject for our study and iniestigation, almost invariably the first 
tiling for the human mind to do, and that, too, from an inherent craving 
for logical classification, is to inquire as to what other known truth 
the less known can iK)ssibly be linked; to what chain or series ot 
analogous phenomena it necessarily belongs; in whataccredited system 
it has to take its place; with what whole or totality it is counected asa 
part; and we seem never to be fairly at ease before we have arrived at 
the point of grouping or classifying the matter in some way or other. 
Tills applies also and particularly to languages. As soon as a new lan- 
guage begins to attract onr attention, we feel at onco an eager desire to 
cliwisify it, so much so that we often cannot patiently wait even during 
the time neceiisary to collect the indispensable material from which 
alone we could imssibly draw any legitimate conclusions in this respect. 
We at onco ask what other tongue such language is like; with what 
other it may be compared; where among the langnages of the world 
it lias to take its place, &c., and hence the often over-hasty classifica- 
tions based upon mere casual and apparent resemblances. It is first of 
all necessary, in such cases, to be able fairly to siu'vey a language in all 
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its relatiouH ; in its manifold diversities, its dialects, and, if possible, also 
in its Tarions and saccessive phases of development, in its primary 
forms or its original condition. 

So far as we know, the Dakota langna^, with several cognute tongues, 
constitutes a separate class or family among American Indian languages, 
of which we may speak on some other occasion. But the question at 
present is, whence does the Dakota, with its related American tongues, 
comet From what trunk or parent stock is it derived t Ethnologists 
are wont to point ns to Asia as the most probable sonrce of the pre- 
historical immigration from the Old World to this continent. Hence, 
they say, many if not all of onr Indians mnst have come from East- 
ern or Middle Asia, and in considering their respective tongues, one 
mnat still find somewhere in that region some cognate, though perhaps 
very remotely related set of languages, however much the affinity exist- 
ijig between the Indian tongnes and these may have gradaally become 
obscured, and in how many instances soever, through a succession of 
ages, the old family features may have been impaired. But they further 
allow, of course, that these changes may have taken place to such an 
extent that this affinity cannot be easily recognized, and may be nmch, 
even altogether, obliterated. 

When we consider the languages of the great Asiatic continent, of 
its upper and eastern portions more particularly, with a view of dis- 
covering any remaining trace, however faint, of analogy with or simi- 
larity to the Dakota tongue, what do we find ! Very little ; and the 
only group of Asiatic languages in which we could possibly fancy we 
perceived any kind of dim and vague resemblance, an occasional analogy 
or other perhaps merely casual coincidence with the Sionx or Dakotn 
tongue, would probably be the so-called "Ural-Altaic" family. This 
group embraces a very wide range, and is fonnd scattered in manifold 
ramifications through parts of Eastern, Northern, and Sliddle Asia, 
extending in some of its more remote branches even to the heart of 
Europe, where the Hungarian and the numerons tongues of the far- 
spread Finnish tribes offer still the same characteristics, and an unmis- 
takable impress of the old Ural-Altaic relationship. 

In the following pages we shall present some isolated glimpses of 
such resemblances, analo^es, &c., with the Sionx language as strike us, 
though we need not repeat that no conclusions whatever can be drawn 
from tliem regarding any affinity, ever so remote, between the Ural- 
Altaic languages and the Dakota tongue. This much, however, may 
perhaps be a<lmitted from what we have to say, that at least an Asiatic 
ori^n of the Sionx or Dakota Nation and their language may not be 
altogether an impossibility. 

In the first place, we flud that as in those Ural-Altaic languages, so 
in a like manner in the Sioux or Dakota tongue, there exists that 
remarkable syntactical structure of sentences which we might call a 
conataut inversion of the mode and order iu which tee are accustomed to 
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think. Tbns, more or leas, the people wlio speak tboso languageH 
would beffin sentences or [periods where we end ours, 80 that our thouj^bte 
would really appear in their miud as inverted. 

Those Asiatic languages hare, moreover, no j»repo»tioDB, but only 
;)Ojflx>Bitiona. So likewise has the Vxkota tongue. 

The polysgntlietic arrangement which prevails throughout the m^ority 
of the American Indian languages is less prominent, and decidedly less 
intricate in the Dakota tongue than in those of the other t^bes of this 
continent. But it may be safely asserted tbat the abo%'e-mentioDei1 lan- 
guages of Asia also contain at least a similar polysyDthetic tendeiu^, 
though merely in an incipient state, a rudimmtal or x>artially devel- 
oped form. Thus, for instauoe, all the various moditlcatious which the 
fundamental meaning of a verb has to undergo, such as iwssive condi- 
tion, causation, reflexive action, mutuality, and tlie like, are embodied 
in the verb itself by means of interposition, or a sort of intercalation of 
certain characteristic syllables between the root and the grammatical 
endings of such verb, whereby a Joug-contianed and united series, or 
catenation, is often obtained, forming apparently one huge word. ' How- 
ever, to elucidate this any further here would evidently lead us too far 
away from our present subject and purpose. We only add tbat post- 
positions, proDOUDS, as well as the interrogative particle, &c., are also 
commonly blended into one with the nouns, by being inserted one after 
the other, where several such expressions occur, in the manner al- 
luded to, the whole being closed by the gnuumatical terminations, so 
as often to form words of considerable length.' May we not feel au- 
thorized to infer from this some sort of approach, in however feeble a 
degree, of those Asiatic languages — through this principle of catena, 
tion — to the general twlysyotbetic system of the American tongues 1 

We now proceed to a singular phenomenon, which we should like to 
describe technically as a sort of " reduplicatio intemitim." It exists iu 
the Mongolian and Turco-Tartar branches of the Ural-Altaic group, and 
some vestiges of it we found, to our great surprise, also iu the language 
of our SiouiIndiamb. 

This reduplication is iu the above-men tioned Asiatic languages 
applied particularly to adjectives denoting color and external qualities^ 
and it is just the same in the Dakota language. It consists iu prefix- 
ing to any given word its first syllable in the shape of a reduplication, 
this syllable thus occurring twice — often adding to it (as the case may 
be) a "p," &c 

The object — at least in the Asiatic languagesalluded to — is to express 
thereby, in many cases, a higher degree or increase of the quality. Ao 
example or two will make it clear. Thus we have, for instance, iu Mon- 
golian, kkara, which means black, and KEAp-fc/iara with the meaning of 
very black, entirely black; tiai/an,*ickite, TgAp-tsojian, entirely tckite, &c^ 
and iu the Turkish and the so-called Tartac (Tatar) dialects of Asiatic 
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BusKia,* kara, black, and EAp-frara, very blach ; sary, yellowi, and SAp- 
sary, entirely yellow. Sec. 

Noir, in Dakota, we find »apa, black, and with the rednplication, SAp- 
tapa. Tiie reduplication here is, indeed, a redtiplication of the syllable 
sa, aud not of mp, the word being »a-pa, and not sap-a. The " p " in SAp- 
mpaisinsertedafter the reduplication of the first syllable, jastaa we bare 
seen in the above kara and KAp-itara, &c 

In the Ural-Altaic languages " m" also is sometimes inserted aftertbe 
first syllable ; for instance, in the Turkish beyas:, white, aud s:E.m-beyas, 
very white, &c. If ire find, however, similar instances in the Dakota 
language, such as 4^a,' which means ftebhy, (one of the exterrial qnal- 
hies to which this rule applies,) and cEm-t^pa, &c., we must consider 
that the letter "m" is in such cases merely a ooutraction, and replaces, 
moreoTer, another labial letter ("p") followed by a vowel, particularly 
" fl." Thtis, for instance, ^om is a contraction for iopa, gam for gapo, 
Bam for Kapa, skem for skepa, om for opa, torn for tapa, &c. So is dein, 
in onr example, only an abridged form of ijepa ; hence " n> " stands here 
for ''p" or "pa," oaA belongs essentially to the word itself, while in those 
Asiatic languages tbe "nt" is added to the reduplication of the first syl- 
lable, like the "p" in KAp-lcara, &c We have, therefore, to be verj- care- 
fill in onr condusions. 

The simple doubling of the first syllable is also of frequent occnrrence 
in Dakota^ for instance, gi, brown,aa(i gjgt, (same meaning;) sni, cold, and 
•MMtti ; ko, qttiek, aud kokOf &c. 

There are also some very interesting examples to be found in the 
Dakota Isngnage, which strikingly remind us of a remarkable peculiar- 
ity frequently met with in the Asiatic languages above adverted to. It 
consists in tbeantafrofluiniu/ornt, as well as in meaniRfrtOf certain words, 
according to tbe nature of their foiceb; sotbatwbeu such words contain 
what we may call the strong, full, or bard vowels, viz : a, o, w, (in the con- 
tinental pronnuciatiou,) they generally denote strength, tbe male sex, 
affirmation, distance, &c., while tbe same words with the weak or soft 
vowels e, i, — tbe consonantal alcelelon, frame, or groandwork of the word 
remaining the same, — express weakness, the female sex, negation, proximity, 
and a whole series of corresponding ideas. 

A lew examples will demonstrate this. Thus, for instance, the- idea of 
*'/a(A€r" is expressed in Mautchoo (oue of the Ural-Altaic languages) 
by ama, whUe "mother'^ is erne? This gives, no doubt, but a very in- 
complete idea of that peculiarity, but it will, i)erhap3, be sofllcieut to 
explain in a measure what we found analogous in the Dakota langungt;. 
Instances of the kind are certainly of rare occurrence in the latter, aud 
we will content ourselves with giving here onlya very few examples, in 
which the above diflereuce of signification is seen to exist, though the 
significance of the respective vowels sfeems to be just the reverse; which 
would in 00 wise inralidato the truth of the preceding statement, since 
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the sanjc iucoDsisteot alteration or auomaly frequently takes place also ia 
tUe family of Ural-Altaic languages. [For furtbtr developments, see tlie 
Kotca at the end of this article.] 

Thns we find In the Dakota or Sioux language, hEpao, (second son of 
afami]y,)andhApao, (second dawjjftter of aftimilj-})cii),el(ler6ro(/ier,cL'ij, 
elder sister;* c'ujksi, ton, «!ugksi, daughter, &c. Also, the demonstratives 
koi), that, and kio, this, t}te,{the definite articles,) seem to come, in some 
respects, nnder this bead. 

To investigate the grammatical structure of languages from a compar- 
ative p6iutofviewi8,liowever,but one part of the work of the philologist; 
tbp other equally essential part consists in the study of the words them- 
selves, the very material of wbicb languages are made. Wedonot,as 
yet, intend to toucb on tbe question of Dakota words aud their possible 
nfhuities, but reserve all that pertains to comparative etymology for some 
other time. The identity of words in different languages, or simply tbeir 
nfi]nity, may be either immediately recognized, or rendered evident 
by a regular process of philological reasouing, especially when such 
words appear, as ic were, disguised, in consequence of certain altcratious 
due to time and to various vicissitudes, whereby either the original 
vowels, or the consonants, or both, have become changed. Then, also, 
it frequently happens that one and the same word, when compared ia 
cognate languages, may appear as different parts of speech, so that in 
one of them it may exist as a noun, and in another only as a verb, &c. 
Moreover, the same word may have become gradually modified iu its 
original meaning, so that it denotes, for instance, iu one of the cognate 
languages, tbe genus, aud in another, merely the species of the same thing 
or idea. Or it may also happcu that when several synonymous expres- 
sions originally existed in what we may call a mother language, th^ 
have become so scattered in their descent that only one of these words 
is found in a certain <mc of the derived languages ; while others again be- 
long to other cognate tongues, or even their diulects, exclusively. 

The foregoing is suflicient to account for the frequent failures in es- 
tablishing the rehitioDshtp of certain languages iu regard to the aSiuity 
of all their icords. 

On this occasion it will be enough to mention, in passing, as it were, 
oue or two of the most frequently used words, such as the names of 
father, mother, &c. 

Ill regard to these most familiar expressions, we again find a sur- 
prising cuiacidence between the tongues of Upper Asia (or more ex- 
tensively viewed, the Ural-Altaic or Tartar-Finnish stock of languages^ 
and the Dakota. 

Fatlicr is In Dakota ate; in Turco-Tartar, ata; Mongolian and its 
branches, etsa, etsigc; in tbe Fiunish languages we meet witii the 
forms attje, atii, &c. ; they all ha\-ing at {= et) as their radical syllable. 
Kow, as to mother, it is in the Dakotii language ina; and in tbe Asiatic 
tongues Just mentioned it is ana, aniya, ine, eniye, &c. 
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Again, we flnd ia tbe Dakota or Sioux langaage toqin, 'which means to 
appear, to be visible, manifest, distinct, clear. Kow, we have also iu all 
the Tartar dialects tat), tang, which means, 1st, light; hence, dawn of 
themoruin^; 2ii, understanding. From it is derived f<int, which is the 
stem or radiaai part of verbs meauiug to render manifest, to vtaice knoicn, 
to know ; it also appears in the old Tartar verb-stema tang-{la), meaning 
to understand, aud in its mutilated modem (and western) form, ang{la), 
without the iuitial "t," which has the same significatioa. We may 
mention Btill mama, which in Dakota denotes the female breast. We 
might compare it with the Tartar meme, which has the same meaniug, 
if we had not also in almost all European languages the won! mamma, 
(== mama,) with the very same fandameatal signification, the children 
of Tory many different nations calling their mothers, instinctively, as it 
were, by that name, [mamma =^ mama, &c.)^ 

We may also assert that even in the/orMia(»(w» of words we find now and 
thensome slight analogy between certain characteristic endings in the isn- 
gnages of Upper Asia and tbe Dakota tongue. Thus, for instance, the 
termination for the "nomen agens," which in the Dakota language is sa, 
is in Tartar tst, si, and dcki ; Mongolian tehi, &c. We also find in Dakota 
the postposition ta, (a constituent part of ekte, in, at,) which is a locative 
particle, and corresponds in form to the jwstpositions ta and da, and 
their several varieties and modifications, in the greater part of the Ural- 
Altaic family of languages. Tbe same remark applies in a measure to 
the Dakota postposition e, which means to, totcard, &c.* 

In pointing ont these various renemblances of the Sionx language to 
Asiatic tongnes wein no wise mean to say that we are inclined to believe 
in any affinity or remote relationship among them. At this early stage 
of onr researches it would be wholly preposterous to make any assertions 
as to the question of affinity, &G. All that we intended to do was simply 
to bring forward a fewfactsirom which, if they should he further corrob- 
orated by a more frequent recurrence of the phenomena here toacbed 
upon, the reader might perhaps draw bis own conclusions, at least so 
far as a very remote Asiatic origin of tbe Dakota language is concomed. 
Farther investigations in tbe same direction might possibly lead to more 
satisfactory results. 

After having hitherto considered tbe Dakota or Sionx langaage 
somewhat in connection with other tongues, we shall npw say a word 
more abont that langoage viewed independently, in its own natural 
growth and development. 

Voicet changes, although far less important io themselves than conso- 
nantal permutations, occur very abundantly in tbe Dakota langnnge. 
Changes of that kind bear to each other nearly tbe same relation that 
the English "and" bears to the G«nnan "lind," &c, only that those forms 
exist, and are contemporaneously used, in one and the same- language. 
Tbns, for instance, tbe Dakote Indians coll the Iowa tribe "ay(ihba,''-a8 
wella8"tylihba,''{the8leeper8)j the verb "toi»i«d''i8inDakota"owa<iiii'' 
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as wcl) as " ewrniii) ; " " yukaiipi,'' as ^ell as " yakoqpi," is nsed to express 
arc, (of tlie verb " to beJ') We have also double tiMins of words, differ- 
iDg only in the vowel they coutaiu, aach aa kpa, kpe, (Uutin^, durablet 
&c. ;) kta, kte, (to kill ;) spa, spe, &c. 

Sometimes^ however, the difference of a Towel occasions also some 
slight tDodiQcation in the meaning; for instance, onataka and t'uataka, 
both implying the same idea, only the former being the verb, the latter 
the Bouu; wowinihai], aire; wawinihai), aw/ul; oikcpa, areA; and 
askopa, arclied, &c 

In the Diikota langnage, we mast add, it is of the highest importance 
that the philologist should, when comparing words with different 
vowels, be exceedingly careful not to see in them always merely doable 
forms of one and tbe same expression. For, in this language it often^ 
happens that syllables which differ only in their vowels are neverthe- 
. less sometimes of an essentially difiereut origin, and may denote ide-as 
wjiolly heterogeneous, and thus enter as parts into compoands in all 
else similar to each other. Thus, for instance, wada s'a means a beggar ; 
wodas'u means the same. Nevertheless, they are different compounds, 
the former meauing simply one trAo tulisfor aomethintf, tvho beffs, white 
the first syllable of the latter, namely, wo, is an entirely di^rent word 
from wa,.ani\ meaoa food; so that voda s'a alladea to begging food, beg- 
ging for aometkinff to eat. Equal caution is necessary when comparing 
words like the following, which in their constituent parts are by no 
lueaus identical, viz: yawa£t« and yuwadte, both meaning to ble«»^ 
Tboy have both the word %eaite, good, in common ; but yo-wa^te means 
literally to call good, and yu-waJte to make good. The same is the case 
with yatanin and yutaqin, wHicfa means to disoloae; yoonibBQ and y«*- 
nilian, to glorifg ; yabepa and ywhepa, to imbibe, and a great many others- 

\Ve close these remarks with a few words on the harmonions cbaraeter 
of this language. Vowels undergo changes not only for tbe purpose of 
expressing various modifications of the origiual meauing, bat also for 
mere euphonic reasons. There is, in fact, a greiiter tendency in tbe Da- 
kota language to bring about a constantly harmonious, smooth, graceful, 
and easy flow of speech than in almost any other of the known Indian 
tongue. Thus, we frequently find tbe vowel a, for the sake of euphony, 
changed to e; and for the same reason, any possible hiatus carefully 
avoided by elisions, while semi-vowels are frequently insertml where 
two vowels would otlie^wise come into immediate contact with each 
other and impair the liarmoniousness of the sound. Contractions 
are also used fur the same purpose, and the accent or stress of voice 
moves, according to certain laws, from one syllable to the other in the 
infleclional changes which a word undergoes, whereby tbe language 
becomes often very pleasing and majestic. Indeed, if a comparisoa 
were allowed of the widely-differeut but far more flexible and varied 
Chippewa, and our more slowly-moving, grave, and manly Dakota lan- 
guage, we would venture to compare, us Ear as euphony and BOQorpDS- 
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nesB Ere concerned, the fijrmer with the Greek and the latter with the 
Latin lango^e. In regard to the accent, we may also mention that in 
some instances difi^ience of accentuation in a word is, in Dakota, 
resorted to as a means of distiu^ishing homophonous expressions with 
different meanings, snch as, for instance, wonld i>e in English present 
and to jwesrfttt or in German "g^bet," (give ye,} and "gebdt," (prayer;) 
or in Greek ^ti'iroxn^ and ^idtAxuz, &c. Thus, in Dakota, huta meaus'the 
root of a tree or j7ltin(, while kutd denotes the shore of a river or tal-e, also 
the e4ge of a prairie or wood. Consonants also often undergo changes 
merely ibr the sake of euphony; thus, gnltnrala become palatals, and 
the change of ft to <i (tch) is of frequent occurrence, though in all snch 
casen care is taken not to obscure thereby the indication of any etymo- 
logical changes which words may have nndergone, either by coutbioar 
tion or inflection. 

We often find double forms of a word simnltaneously existing, one of 
them, however, being the older, the more complete; the other, the more 
recent but already decaying and impaired form, which finally will 
supersede the former, and remain alone in use. Thus, to give a simple 
instSDoe, ohoaeu from a great number of similar examples, frequently 
■ very complex, intricate, and obscure, wtpt, in Dakota, means full; 
but in the coexisting form, tpi, full, the "ip" has already begun 
to disappear, although both forms, ytipi and rpt, are used, and will be 
nntU the fonner (wipi) becomes by degrees obsolete.' Other instances 
are, Vontya and ontya, [breath;) "wipata and ipata, {omameat;) 
wUtdi and itidi, (grease, ointment;) woiuAn and oiitha, [a boff,) &c. We 
mast, however, be very careftil not to mistake the significance of " w" in 
snch forms where, in one, its presence constitutes simply an addition to 
the word, a sort of formative prefix, and, in the other, its absence is in 
nowise an elision, tor it is frequently found used as an element in the 
ibrmation of certain derivatives or componods. Thns, for instance, the 
prefix '^wa" before a word commencing with a vowel becomes reduced to 
a simple "w," in consequence of the elision of "d," for eaphonic reasons. 
It may also happen that the "tp" serves to distinguish certain modificar 
tions in the meaning of a word, so that the two forms, though closely 
related, can no longer-be considered as altogether identical. Instances 
of this kind are, wopetoo and opetoij, two verbs which are, indeed, often 
confounded with each other, and used indiscriminately to express Irad- 
inu; while, however, strictly speaking, opetoi) means to purchase, to bui/, 
to hire, and Vfopeton, to buy, bat also to buy and sell, to trade. Woica^ 
to paint, to write, forms, by the addition of "pi," the usual ending of 
verbal nouns, the word wowapl, which means a writing, a book; while 
otcapi means more particularly a picture, something that is painted or 
lettered, though these difTerences do not always seem to be kept distinct, 
Kowapi being, in the Dakota dialects, used also for painting, picture, for 
a letter, » sXeet of paper, &c. The letter "A," at the beginning of words,' 
frequently disappears likewise; thos we have the double forms Hi and 
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i, (to eonu ;) Be6oti and eion, (to do;) unaikauad naika, [a frogf) H^ra 
and even, («ucA aa,) &c We also find, in Bome iDstances, that consn- 
naots are dropped at the end of words, as in the double forms k^itajs 
and kekta, (back,) &c.; "k" also disappears not unCreguently, wbicli 
accounts for the double forms Eu and u, {to come,) && K may disap- 
pear also in the middle of words; thus we have kaKi and (at, (to carry,) 
&c It sometimes happens that when "Ar," in the middle of a word, ia 
followed by ^H," this syllable "fct" is dropped; hence, we have double 
forms, such as iKluu and iuq, (to anoint;) itKiyuirf and nputci, (to bridle,) 
&c. But the greatest care is necessary not to confound this "At" 
with the grammatical syllable "J:i," whioh is inserted in verbs to impart 
to tbcm a more definite meaning, and is particularly incorpmatM in - 
'eerbs iudicatiug a special relation to or for whom anything is done; as, 
for instance, oydka, (to tell;) oKlgaka, (to tell to one, to lomebod^;) 
thus, omaKJuaka, (tell me,) &e. 

We have in the Dakota language also a very interesting system of 
consonantal permutations. Thus, among the liquids, a flrequent (and 
often almost optional) interchange of I and n; for instance, boy 
is iu the Dakota hokiiiM and hokiina, (I and »;) or, if we wish to comi>are 
the dialects of that language with one another, we have in Yanktonais . 
L(La for " very;" in the Titoq dialect the same ; in Sissitoq nt'Na, (1 and m 
again iuterchanged.) Also the liquids n and m are intercbaugeable, 
often ad libitum, even within the limits of one and the same Dakota 
dialect; thus, for instance, the English preposition "on," "upon," is in 
Dakota " akan " as well as " nkam," &c 

We have in the Dakota language also a frequent iuteictunge of k aod 
t," as, for instance, iKpi and ijpi, both forms being used to denote bcUy, 
abdmnea. Thus, deupa, which means navel, ticin, may assume a dooble 
form iu the compounds hokiiceKpa and hokii^trpa, where k and t ioter- 
chaugc with each other without affecting the signification of the word 
in auy way whatever. Other examples are ospaza and oTpozo, meaoiug 
darkness, night ; wiyaKpo^pa and wiyaTpaTpa, signil'ying to glisten, to 
glitter, &c. This change takes place especially where the ilc or t is im- 
mediately followed by p. The permutation above adverted to, between 
k and c, (tch,) is also of frequent occurrence. It not only takes place in con- 
sequence of certain euphonic laws, but it would seem to be also optional, 
an we find double forms of one and the same word, the one with k, the 
other with 6 ; as, for instance, iKute and iiute, meaning ainvtttnitioH, && 
K interchanges also with y, as, for instajice, in the double forms KoMna 
and Tamno, meaning to acquire, &c. Then, again, y ioterobanges 
with 6 ; thus hokiiYopa and kokiidopa,' meaning ekild. K interchanges, 
moreover, withp; for instance, motto and vasto, (bradi,) &c. K inter- 
changes also with b, as natonta and satogfo, (iiatch,) && Then, we fur- 
thermore observe that labials interchange with each other ; Ibr instance, 
b with j>, as Bago and va^o, two tbrms of one and the same verb, meim- 
ing to carve. Also, the labials ; aud m are seen to interchange witli 
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eacli otiier; thus, nap/:au'ii) and naukaicii), (to beckon with Ike hand,) &c, • 
There are also uistauces of a iKrmutation hetwcen p and t, each aspettisPe 
addpetusre, {a firebrand,) &c Also ^ and i sometimes interchange with 
one another, as in jtrag and kiaii, which mean curved, whence the com- 
pounds yukTaj) and yulciaij, meaning hterally to make curved or to 
bend, &c. It DOW and then bapjiens that such cdnsouantal interchanges 
take ploce^ and are, moreover, aocidentally complicated by a transposition 
of the cousouants in question ; for instance, opTaye and oipaye, &c. It 
is importitut to take all these various changes into careful cousideratiou 
■when we wish to identify words iu their different appearances, their in- 
numerable protean trausformatious, and often surprising modes of dis- 
guise, and to trace their origin, derivation, and various affinities. 

In regard to the derivation aud composition of words, the Bal^ota or 
Slous language is particularly clear aud transparent. Derivations can 
be traced with great facility, aud iu the matter of the formation of com'> 
pound words, tliis language is remarkably apt aud flexible. We will 
take this opportunity to present but a few instances of Dakota etj'mol- 
ogies, which will, however, l>e sufficient to enable the reader to tbrm 
some idea of this particular subject. Ti means to dwell, to live in, and 
as a noun the same word means a dwellingplaee, a house. With the 
addition of the substantive ending pi, (tipi,) it means a teat, such as 
the Sionx Indians inhabit; while when combined with the verb opa, 
which signifies to go in, to enter, to go to, it forms tiyopa, (for tiopa,) 
vhich is a substantive apd designates a door, a gate, anentrance. Da 
is a verb which means to form an opinion, to think ,- its longer form is 
daka, with the same meaning. This word added to the adjective tcaile, 
good, forms the compounds tcait-^da aud tcaitedaka, which mc&n to deem 
good, to think well of; hence, to l<yv€. On the contrary, when combined 
with aiie, bad, it forms the compounds sideda and i,ic^aka, which mean 
to consider bad, and, by a natural transition, to hate. 

The word hokii gives rise to a number of derivatives, of which we 
will here mention but a few. The word itself does not appear to be 
used independently ; but we may, perhaps, infer its fundamental mean- 
ing, when we consider a compound ez{)re8sion Uke hokii-6ekpa, which not 
only means twins, but, in its probably more original signification, applies 
to a flower, and denotes a blue wild fioaer which appears first in the 
^ring, the earliest <prtnf^flower, thus alluding to the first beginning of 
floral vegetation. In a similar acceptation, it seems to enter as the 
principal constituent part into all words expressive of the idea of infancy 
and diildhood, as hokiiyopa, a ii\i\\A=hokiiopa, the verb opa, most prob- 
ably, with its meaning oi following, going along with; hokiidan, a boy, daij 
being a very common dimiuutive termination, alluding here, it seems, 
simply to the youth and small stature of a mate during childhood, &c. ; 
kokiiwii) and hokiiwinna, a vir^u. In the latter expression we distin- 
guish in the ending the word win, that by itself meaaa female, icoman, 
and wi^na, which is its diminutive, aud stands to it somewhat in the 
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' Bamo relation as the Qermaa/raulein, a young untiMrried woman, to/raw, 
a vnoman. 

The word gu meaos to hjim ; ^vya is a cansative fonn of gu, and m^ns 
tocause to burn, to matce bum. This word appears also, aud,itBeeins, io 
a more definite sense, under the form agii, (frith prefixed a,) to ftum, 
and agitya, to cause to bum. With the usuhI aubstantive-endiug of ver- 
bal nouns, viz : pi, agut/api, means bread, as it were, somethiug burned or 
baked. With a similar import the radical letters br in our English word 
bread, German brod, seem to refer to the same idea, as they appear also in 
BBenn<m, 'RBanJ, BBaten, BBiiAen, URaaen, BRuten, snunst, &c., in all of 
which expressious the idea of heat, if not of fire, is evidently implied.'" 

Interrogativet, which also id this langnage coincide in their form 
with relative and indeflcite prononos, present here the peculiarity 
gf commencing, in the greatest nnmber of instances, with t ot d, while 
the demojiatratives begin with h. For example : luice, tcho ; Taku, Khat ; 
lohan, wlien ; To/iaij, wficre ; Tona, how many, &c. And of the demoTi- 
strativea we may mention za, that ; KoJci, there ; Kana, these. Sometimes 
we find also the guttural softened down to a simple A/ as, for iustance, 
Hena, the equivalent of Kana, these ; Heftao, which means there, and an- 
swers to the above-mentioned tohaq, trAere; and Heftan, which means 
then, and responds to tokan, wheri. We may observe here, by the way, 
that in most of the other langaa^s which come under onr ordinary 
observation precisely the contrary takes place, ^iz: guttural letters 
(which are al^o sometimes found replaced hy their equivalent UtbiaU) 
serviifg to express the interrogative ; while t, d, (A, commonly occur in 
the demonstratives. Thus, we have in Liittn talis, tantns, tot, (am, tarn, 
tunc, &c. ; in Greek, t-o, yucra;, rurc, &c. ; in English, tMs, tAat,t/ius, tAere, 
then, &c ; and with the gutturals, in Latin, qum, guid, gttalis, {uantos, 
g»ot,9uam,9unm,&c.; in Greek dial., lole = r<ur; xart ^run; xJri/ior^nd- 
rtpiit;, &c." The same phenomenon is remarked also, in a measure, in a 
great many other languages widely diflerent ftom those last mentioned. 
We may state here, as a curious fact, that the Dakota mode of express- 
ing the more essential part in interrogatites hy t or d, and what cor- 
res|ionds thereto io demonstratives by Tc, obtains also in the language of 
Japan, where it constitutes indeed an eminently striking feature. It is 
true, k and t are interchangeable, and, in mauy instances, convertible 
elements in langnages generally, but their functions are kept distinct 
and apart in the particular matter under consideration. 

We pass on to the Dakota word akan, which means above. It is the 
same as akata, and if not identical with, is at least related to akaif ; Just 
as we see, for instance, the double forms kahas and kahaj}, which mean 
^en, there, so far, and one of which has n where the other has q ; that 
is, n, with only a nasal pronunciation. Now, the akaji, as an adjective^ 
meims also old, implying, no doubt, the idea of above, of superior to, (id 
stature or in years,) just as the Latin alius reappears in the German ait, 
English eld, old. This akan, or, per aphceresin, simply kar), appears also 
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in tlie form of w<Aai)ka," an old woman. Alca^ reappears also under the 
forma (w)aA-an and vankan, meaning likewise above, vp, high, mperior, 
aud being nndoubtedly closely connected with tbeform {w)akaij, tiince » 
aod I) are interchangeable terms, (as shown in tba above iahay aud 
kahaij); and since certain derivates, moreover, are seen to coulirai 
their intimate relationship, such as icakaQUidapi, pride, havgktiHesB, 
where nakan evidently refers to real or fancied superiority, similarly 
to the Latin sitperbus, the French al^er, &c. Perhaps tcakapa also 
comes under this head, its menning being to excel, to surpass, to be 
«upemr to, or to be o&oi-e; iraA-cjia standing, according to all appear- 
ance, for tcakai)kapa, the latter part of which would be the verb kapa, 
topms by, togo beyond. Thus the primary and fundamental meaning of 
traA'ai] (= akan, akaia, akan] would be what is superior or above, a supe- 
rior something or being ; hence it means a spirit, a ghost, and, as an ad- 
jective, spiritual, supernatural, divine. It gives rise to the following 
expressious; mini-itaiaii, wiiich signifies alcoliol, brandy; as it were, 
gpirit-Koter, or spirituoui liquor ;" -Kakai) tanka, the Great ISpirit, menn- 
ing God f trakai) aiia, evil spirit, meaning demon, devil ; wowapi tcakaT), 
literally spin* book, or apiritttal, divine book, the Dakota name for the 
Bible ; tipiwakat), which means a cltapel or church, literally spirit house, 
sacred house / wicaite-wakaij, a clergyman, priest, literally aspirHual man ; 
&c. Thus, also, the lightning is .called xcakatiMi, from uakan (spirit) 
andAdi, (to come,) meaning, as it were, the coming down or arrival of a 
spirit. Also, the famous dance of the Sioux Indians, whjeh is described 
as the Medicine-dance, viz : wakavt waiipi, simply means spirit'dance or 
sacred dance, and, as Rev. 3. B. Biggs expressly informs us in his Dic- 
tionary, is thus called especially from the fact that the high priests of 
the ceremoutes spend the night previous iu singularmagicpractice8,and 
are holding communion with the spirit world. Then, again, we have the 
word tcakat] in compound verbs, such as icakan kago, which means liter- 
ally to make wakai), as it were, to attend the acts of worship or divine ser- 
Ti«e; and tcahaijeion^ means to perform supernatural acts, to do tricks of 
jugglery, of magic. A great error has been committed by travelers gen- 
erally, who, itsorting, perhaps for information, to the stolid half-breed 
8ioax Indians, who are often still moiti ignorant, if possible, of English 
than the travelei'S are of the Dakota tongue, have identilied the idea 
expressed by the word irakao and everything therewith connected with 
that of the healing art, or medicine. To be sure, healing a disease, restoring 
a BufTerer from sickness to health, is in the opinion of the wild Indian 
always and preSminentlya supernatural, wonderful act, in which beings , 
of a higher order directly participate, aud which ia generally brought 
about by means of magical performances, conjuring, necromancy, and 
sorcery, rather than by the administration of remedies or other medi- 
cal appliances. There is no such thing as a "medicineman'' among 
these Indians, and they have not even a word for it ; for widaHewakaij, 
which has been erroneously taken for snch, simply means a supematurai 
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man, A tpirit man, a magician, aad the like, and has come eabsequently 
to be applied to the priest, clergyman, or missionary. An Indian doctor 
is called icapiye among the Dakotas, which simply means a conjurer, and 
is derived from the verb wapiya, to conjure t!^ aick, which in its tnm 
comes from pikiya, to conjure. A physiciun, or one who cures diseases 
by means of medicine, is always called peiihuta-tciiaile, from peii, which 
means grass, also dry grass, kerb, and kuta, which denotes the root of 
trees or plants, so that the compound peiihuta, which properly means 
medicine,'* would signify literally herbs and roots, and peiikuta- 
wicaite a herb-and-root man; which epithet is almost exclusively 
applied to American doctors resident in the vicinity of those In- 
dians and to military surgeons at the forts in their territory. Among 
tli^se people the gathering of herbs and root', and the administratioa 
of saeh medicines are, indeed, not in anywise nncommon ; it is, however, 
not at all the occupation of men, but of women. 

The word for mouthia i, whence is deiived the verb ia, totpeak, which 
in its turn gives rise (by the addition of the endingpi so common in the 
formation of verbal nouns) to the substantive topi, apeecli, language. 
(Thus Dakota iapi, the Dakota language, property the language of the 
eompaniona, friends, or allies.) 

The verb ho means to eurl. It is also used with the reduplication, viz: 
halid, as an adjective especially, to denote curling, curled. The same 
when combined with mini,^" water, signifies curling water ; and thus mini- 
Bdlia is the usual word for a icater/all, a cascade generally. Often Haha 
alone is used to designate a waterfall; mint (water) being understood, just 
as we are accustomed in English toemploystmply the word "/afl*" in the 
same sense. Thns the word habatuq we is used, meaning those icho dKell 
or live at the falls, tlie people around the waterfalls, an expi-ession which 
has become among the Dukotas the ordiuary name of the Chippewa 
Katiou.'" 

To translate the word miniiaha (or erroneously written "minne- 
haka")" by laughing waters, seems to be a gross mistake, most probably 
the result of imperfect information derived from some half-bree4 Sioax 
who was perhaps asked, (the inquirer wrongly analyzing the word,) 
" What is meant by witnne /" To which thcrespouse was doubtless, •' Jftni 
means water. " " And what does ikalia signify I" The answer to which 
must have been : "JRoha means to laugh." (No doubt i signifying mouth, 
and ha, to curl; iha andihaUa mean tocurl themouth orthe lips, that is, 
to laugh.) When Rev. S. E. Riggs, in his otherwise .very excellent Da- 
kota Dictionary, explains ibahn by " to laugh along as rapid water, the 
noise of traierfalls,""' he is unconsciously led astray by that cnrreut 
popular error. In fact, such an interpretation is founded on nothing, 
and is prima facie qnite contrary to all right etymology.'* And to do 
justice to Mr. Riggs, for whom we profess the highest esteem, and who 
is without any cqmparison the best grammarian and lexicographer who 
has ever yet appeared in the domain of American Indian Pmiol^cy, ^e 
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will state that he likewise explaius (in his dictiounry) RaHa by *'icaier- 
/ali», 80 called from the curling icatersJ" 

Our views on this subject, aa on varions other similar mattera, were, 
moreover, fully approved by Eev. T. S. Williamson, another distin- 
guished (ni8sioHary,andaliigMyre8pectableanthoritya3regards the Da- 
kota language, with whom we had many a loug conversation on such 
topics every time we happened to meet with him in the territory. 

Much might yet be done iu invcsti^ting that most interesting lan- 
guage, in a strictly philological manner, and also tracingparticularly the 
many Dakota names of monntaius, hills, rivers, lakes, &c., to their true 
origin and meaning. They almost always contain some attractive allu- 
sion, something legendary or traditional, which might lead to most val- 
uable results io regard to the history, religious ideas, ancient usages, 
&c., of this largest and most powerful of all the Indian tribes of North 
America. 

We now say, in conclusion, that on this continent, researches in i)hi- 
lolog;y, ethnology, and history should have for their main object the lan- 
guages and nations of Ahebica. The field is comparatively new aud 
exceedingly interesting ; an immeuse deal has to be done in this domain, 
the real labors of tltorough and' exhaustive investigation having not even 
3'et begnn. K these unpreteuding pages, contributed by the author aa 
his first mite to that kind of research which he wishes to see undertaken 
by the scholars of this country, serve as an incentive to others to inter- 
est themselres in these studies and devote some of their time and exer- 
tions to the same, his object will have been successfully attained. 
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* Such intercalations are, in a measure, almost analogous to the usual 
insertion of the many incidental clauses in long Latin or German sen- 
tences, if we are allowed that comparison. 

' 6 stands in the present transcription of the Dakota lauguage for 
tek; ifor«ft; i) for nasaf»,- dotted letters indicate a peculiar emphasis 
in their utterance, for which we have no precise equivalent in Euglisb, 

'Other examples iu Mautchoo are k'ak'n, meaning ma/e, coc^y while 
keke means hen, &c. These phenomena nre, in their last analysis, redu- 
cible to a fixed principle, which still prevails, to some extent, in the 
above-mentioned group of Asiatic laiigungcs, and which we have some 
reason to believe once formed an essential part of many other tongues. 
We might perhaps not improperly recognize in that antagouism some- 
thing of polar opposition, some law of polarity. There are distinct and 
polarlyopposite correlative vowel-classes, viz : a, o, «, in the continen- 
tal pronunciation, which are, as it were, pogilive, and e, i, which are neg- 
aiive. Sometimes, however, the reverse takes place, so that e, i, havfl 
the power and significance of a, o, v, and vice versa, {a quasi " inversion 
of the poles.") This division is not an arbitrary one, but — we remark 
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this by the way — the classiflcation results quite naturally from a cer- 
tain antagonistic relation of these vowels, respectively, to the guttural 
letters, their very test and toucbetone. Aceording to the oatunt of 
these vowels, the word receives often its characteristic meaning in those 
Asiatic languages j heuce, only vowels of the same class occur in one 
and the same word. It would lead us too far from our present subjecl if 
we should now elucidate more fully the phenomenon under consideration. 
We wish to make only a few remarks more. This peculiarity extends to 
adjectives and to verbs — qualities, (positive or negative, as the casemtqr 
be,) actions, and states of being ; even to postpositions, &c, (directiou, 
tendency, &c) We could, indeed, illustrate it by hundreds of examplefl, 
especially in the Ceutral-Asiatic languages, even in the Celtic tongues, 
particularly the Irish. We might point out a very considerable noiu- 
ber of such instances finally depending on a certain principle of vowel- 
harmony. Even in our own ancient and modem languages we can now 
aud tben discover some slight and obscure vestiges of that perhaps 
originally quite extensive phenomeuon of siguificant vowel antagonism. 
For iustauee, in the Greek /iaip-ai and unp-i^; 1>t.6 aud lr.i; the article 
d and i, } TO) and t>, ; r«v and r^y ; ^'Ap-^f and "Ep-iz, &c; in Latin, Id 
cdl-idus and gel-idus; perhaps, also, in the fundamental form boinia 
and femin, (implying hemin: f=b, as iu Span. Aembraj) in Hebrew, 
K^n and K'n; Arabic jS) and ^ ; huand hi, &c., aud other expressions 
of coutrast, negation, or opposite tendencies geuerally. We also find 
in German stumm and stimm — referring to the voice or its absence; 
in English, the verbs to st«p aud_to stop, &c. 

* Tbongh it is almost evident that cuij has not a separate and inde- 
Iiendeut existence in the language, but is always found combined with 
prouomiual sufBses, such as iui)ku, {liei' elder sister,) we nevertheless 
meet also componuds like the following : 6uiiya, to have/or an elder sUter. 
We may, therefore, safely conclude that umj] in 4ui)ku and the verb 
6mj/a is tlie word which designates an. elder sister. Moreover, the form 
6ui}ku has a paniUel eitpression in <!ii)cu, wliicb meaus his elder brother ; 
and as ka is identical with du in cousequeuce of a very common con- 
sonantal permutation, it becomes obvious tkat ouq, indeed, meaus elder 
sister, as 4ij} is known to siguify elder brother. 

* In ibe Grusiniau language, mama meaus/a/A«r — an apparent anom- 
aly, owing, perhaps, to a mere interchange of the labials, passing here 
over into their extremes. Auotlier shifting of the labials, Chough less 
iu extent, we flud iu the Asiatic tongues, where we also meet with babst 
for father, /a/ii for mother, &c. 

* By meaus of such posti>ositions the declension of nouns is effected 
in the Ural-Altaic languages. The Dakota cases of declension, if we 
can use this term, amount likewise to a very rude sort of agglutiuation, ' 
or rather simple adding of the postiKisitions to the nouns. Thero can 
be here no question of any real iiiUection or declension, since there is 
throughout only a kind of loose arlhesion, and nowhere what we might 
call a true cohesion. The postpositions are in the written language 
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added to the nonDS witbont being coiyoiDed to tbem iu writing, (except 
tbe plnral ending pi,) ae is also the case in tbe Mongolian language, the 
Tnrco-Tartar dialects, and other tongaes of this class. 

' We Bee in the historical development of our own modem languages 
an abundance of similar phenomena ; thus in respect of tbe mere quasi- 
monnmeDtal, and, as it were, fossil existence of labials, such, for in- 
stance, as b, p; and in regard to English words like debt, which in 
French long ago became dette. In English the b ot debt {^debitum) 
has biBcome only silent, while in Fr<>»ch, on the contrary, it has now no 
tolerance whatever, even as an historical landmark. There is, in fact, 
more conservatism in English. The French appears a more volatile, 
changeable element, even in the minor details of the language. Thus, 
again, we have in English the word doubt, with petrified silent b, nhich 
they seem unwilling, as yet, to let go, while in French we have doute 
witbout that b. Many other examples might be adduced in support of 
this very simple and common factin all languages. In sept, (seven,) tbe 
French still neglect ridding their language of that now useless silent p. 
They do, it seems, not afiiect such antiquities, and will, most likely, do 
with words like sept as they have done with cltf, {clavis,) where tbe 
final labial/became gradually tilent but was left untouched. It is even 
now allowed to remain, but another form has already come into use at 
the same time with It, and a keg is now a-days de/ and el4. 

* lliia interchange is seen in almost all languages of one and the same 
family, when compared with each other ; thus, for instance, the use of 
ft instead of ( constitates one of the ehamcteristic difiierencea between 
die Hawaiian tongoe of the Sandwich Islands and the lan^age of Ta- 
hiti, the Marqnesan, Barotaugan, &c, both groups, however, belonging 
to the Halayo-Oceanic, or more particularly the Microuesia'n stock. 

* 6 stfuids here for a letter that does not strictly belong to tbe word, 
viz. y, which is merely inserted euphonically between hokii and opo. 

>* We venture this derivation so much tbe more boldly, inasmuch as 
the etymology o( bread, brod, &c., is, in a degree, still an open question, 
Grimm connecting it — thougli not particularly insisting thereon — with 
broekat, brecken, to break, &c., while Anglo-Saxon scholars endeavor to 
trace the English word bread to breadan, (to nourish,) which, however, 
seems rather to be a denominative verb, such as lighten from light. 
Their etymological attempts being mere opinions, mere assertions with- 
out proof, we feel enconraged to maiutain ours. 

" The r in the Greek n'l is only an apparent exception to it, as is well 
onderstood by those conversant with tbe facta of comparative grammar. 

" There is some room left for an attempt to derive icakai)1ca direct 
from waftaij. The ideas possibly underlying such a derivation would 
appear to us rather far-fetched and fanciful. 

" Other Indian tribes call alcoholic liquor ^re-water instead of iptrtt- 
wnter, as, for instance, the Cbippewas, iu whose language it is ifhkode 
leahu, &c. 

^ Tbe yford peiikuta is also applied to various other vegetable essen- 
29 s 71 
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cea, beverages, &c Thus, coffee U called peiihuta sapa, literally, black 
medu^Tie ; just as the Cbippewas express it in tbeir language by makatU 
mashkiki wabu, (black medicine water.) 

^ The word mini (water), is the same which is eoatained alse-io tJie 
name of Minnesota, (properly iainkaota,)ime&aiag lehitish u>aler,aiid refer- 
ring to the WaJ^pa ffiinisoto,.wbicli is the Minnesota or St. Petei'S Kiver, 
and also to the Mdt minisoia, the so-called " Clear Lake." 

" It is often the case that Indians give to other nations lames simply 
derived from some entirely external, merely accidental, and altogether 
unessential circumslaDce or q,uality in these strangers, which at first 
principally stmcU their attention. Thns, lor instance, the mbabitanta 
of the United States are called by the Dakotas TsanUaika, meaning Big 
Knives; by the Cbippewas, kitchimokoman, which likewise signifies Big 
Knives, probably from tbe swordB of the United States soldiers in the 
Territories. 

'* Ju&t in the same way, the erroneous orthography of " Minnesota" 
was introduced for the more correct Miniaota ; and this is seen again — 
we meution it in passing — in that moustroos Dakota-Greek compound, 
" Minneapolis," meaning " Watertoyrn." 

" Any such meanings of ihaha, as "to buMtle" and making a noise 
like that of waterfalls must be considered simply as secondary, as a 
mere extension of tbe original signification of that word, viz. lavghinffy 
i+1^aha, mouth-curling, as it were; Dotliiug whatever being contained in 
the constitnents of that word which could have even tbe remotest refer- 
ence to tcater or a cascade. The word itself seems to follow this devia- 
tion from its proper import, being even differently accentuated in that 
sort of fignrahve acceptation, viz. ihaHa instead of iliobo. 

'^ Similar blunders frequently occur. Thus, in the erropeoos and on- 
meaning English tranalatiou of ludian names generally- — for instance, 
of " Hole-iu-the-Day " — ^iu which word it was iuteuded to express simply 
one who (as a powerful archer) perforates tbe sky with bis arrows, which 
we could easily place beyond any doubt, if It would not lead us too far 
from our present subject. So have travelers,. too, themselves put tbe 
words " squaWf' "jKipus," &&, into the months of the Dakotas, though, 
these words belong exclusively to widely different tribes, and are on 
other occasions again repeated by the Dakota Indians to strangers, as 
they simply suppose such words to be English, and, therefore, more in- 
telligible to the latter 1 The same applies to the Chippewa word " niboj" 
(he died or Ss dead,) which travelers, probably deemiug it tiie general 
and only Indian term for that idea, taught, as it were, to the Dakotas, 
who constantly make use of it iu tbeir conversation with Americans^ 
mistaking it in tnm and in like manner for an English word, or some- 
thing more easily accessible to the mind of tbe strangers. 
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METEOROLOGY. 



[The following notes, derived from coireapondenca or trom observa- 
tion and rejection, are especially intended for the meteorological ob- 
servers of the Institution principally in the way of answering qaeries, 
which have been frequently proponndcd. They may, however, be found 
of interest to the general reader. — J. H.] 



HETBOBOIOOT OF POBTO BICO, 

Mr, George Latimer, ftvm Philadelphia, one of the correspoDdeDts of 
the iDstitatioD, ^ho has resided on the island of Porto Rico (rich in 
gold] since 1834, informs as that the northeast trade-winds prevail on 
the island every day of the year from about 9 o'clock in the morning 
antil sunset; while at night there is a strong land-breeze toward the 
ocean on all sides of theisland. The latter is stronger, bowever, on the 
west end and on the north side, which is probably owing to the greater 
slope of the land toward the sea in these parts. 

Baring the rainy season, which is fh)m the end of May to the end of 
October, the rain fiills every day on the western portions of the island 
from 2 o'clock nntil sunset. This, however, is not the case on other 
parts of the island, which is divided longitudinally by a range of mount- 
ains 3,000 or 4,000 feet in elevation. These mountains turn up the 
cnrrent of the trade-wind air containing vapor into the colder regions, 
and cause ks precipitation in rain on the northern slope, while on the 
south the land often suffers fixnn drought for more than a year without 
intermption. On this side of the island irrigation is resorted to, and 
for this pnrpose there even exists a project to tunnel the mountains to 
'conduct the water of one of the rivers from the north to the south. 

Mr. Latimer states that occasionally there is a cessation of the ordi- 
nary trade-wind when the air becomes almost entirely calm or light 
winds arise, which go entirely around the compass in the coursie of a 
few hours. This state of things frequently continues several days, and 
from these, as signs, Mr. Latimer has always been able to predict that 
a gale is blowing at the north. After the existence of a calm of ocean 
and air there invariably comes a heavy rolling sea from the north, so 
heavy that vessels cannot leave the harbor of Saint John, or load in any 
of the other ports on the northern side of the island. Also after this, 
in the course of a few hours, or in other cases after two days, comes 
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a strong northerly wiad, the retam of the regular trade-wind, with much 
greater intensity than usual, and vessels arriving after short passages 
bring the intelligence of the predicted gale and ita disastrous conse- 



Golored bands diver^ng from the setting son in the west, and con- 
verging to au opposite point in the east, are freqneatly seen ttuxmgb 
the snmmer and aatnmn in great beauty. 

Bbiubks. — ^The rainy seaaon in the northern tropica takes place when 
the sun, having a northern declination, heats in the greatest degree the 
land doring the day, prodncing ascending colnmns of air, which, can?- 
ing up the vapor it contains into higher and colder regions cause it to 
be precipitated in rain, the precipitation commencing aa soon aa the 
heat from the ean begins to diminish a little after midday. The phe- 
nomenon mentioned by Mr. Latimer in regard to the oecaeional cessa. 
tiou of the trade-winds may possibly be connected with the occnrrence 
of storms on the continent of North America, or perhaps with the re- 
markable wind known in Texas as the '* norther." This wind prevails 
from the Mississippi Biver to the Bio Grande and commences about the 
1st of September and ends about the Ist of May. The day previous is 
marked by an unnsnal warmth and closeness of the atmosphere and an 
almost perfect calm. The first appearance of the tempest is a cloud in 
the north, which approaches the observer sometimes with great and at 
other times with less velocity, and frequently passes over bis head io a 
series of arches composed of dense clonds separated by lighter portions. 
The thermometer frequently fells 30 degrees. On one occasion recorded 
the temperature fell in the conrae of three hours from 75<> F. to a 
degree sufficient to produce ice an inch thick. After a day or two the 
norther is followed by an nnusual cold wind from the south, aa if the 
norther were returning. It is said to be most intense near Corpus ' 
Christi, Texas, and that it does not occur in Florida. 

The norther is probably due to a stratum of air along the border of 
the Onlf, abnormally moist and consequently heated, produced by a 
surface current from the south, which gradually attaining a state of 
unstable equilibrium is suddenly forced upward into a higher region by 
a heavier wind from the north. The violence of the wind, and oonae-i 
qnently the intensity of the cold, will depend upon the distance north- 
ward to which the moist stratum extends previous to its orertom by 
the heavy tax ftvm the north. The norther, it is said, ia not felt at sea 
in the Gulf. This would iudicate what we would readily suppose, that 
the greatest rarefaction of air due to heat and moisture takes place over 
the land along the borders of the water.— [J. H.j 



^d by Google 



THE OBEEK BITEB COUNTBT. 453 

■ETIOROUMIT OF THE flBBEJf BIVEE CODKTBT. 

By Colonkl Coixnts. 

Colonel Collins has been for three years in the Wind and Green Birer 
oonntry. The Qreen River becomes the great Colorado of the west^ 
vbich empties into the 6alf of California, and the Wind Biver becomes 
the Big Horn, and rnus into the Yellowstone, which in turn empties 
into the Missouri. It often happens that rivers in- the western part 
of the United States have different names in different parts of their 
cpiirse, and this appears to be especially the case when a river passes 
through a canon ; the foct not being known before exploration that it 
is the same stream at the two ends of the chasm. 

The climate ,in the region above mentioned is very dry, electrical 
appearances being manifest in currying horses or bmshing clothes, and 
dew is very seldom seen. Along the Wind Biver range the storms come 
from the northwest and follow the chain to the southeast. On some of 
the high peaks of this region there is often seen a clond-cap remaining 
stationary sometimes for a day or more, while a high wind is prevailing 
at the same time on the plains and valleys below, with a clear atmos- 
phere in all other parts of the sky. The cap appears compact and dis- 
tinct in ontline and perfectly stationary. The peaks of the Wind Biver 
range are all covered with perpetual snow.' There are no trees on the 
plains, or auywbere in trbe vicinity, except on the mountain-sides f^m 
their base up to near the snow-line. 

Frost at the foot of the moontains and in the valleys occurs almost 
every night during the summer. On the 4tb of July, 1862, at the camp 
at the head of Sweetr Water Biver, the ice was formed from half to tliree- 
quarters of an inch thick. The summer frost, altbongh it does not kill 
the hardy grasses, will not allow the cultivation ofgrains and vegetables. 
Heat and moisture, the two essential conditions of growth, are wanting, 
though, in the very deepest valleys, perhaps, grain could be raised by 
irrigation, since the temperature in these is considerably higher than ou 
the mountains. 

The winter was exceedingly cold; at Fort Laramie in 1864 the mer- 
cury was frozen and continued solid on the 4th of January for four 
hours ; on the 6th fift,een, and on the 6tb for twelve hours, while iu the 
warmest part of each day the thermometer never rose above minus 20°. 
*' I had command," says Colonel Collins, " at the time, of Fort Laramie, 
and had great difftculty in keeping the garriHou warm. Fuel had to be 
drawn a distance of about fifteen miles. Every winter a number of 
men were frozen to death, being usually overtaken by suowstorms. 
When the greatest cold occurs the air is perfectly still and very trans- 
parent — the transparency is so perfect that objects are seen a long way 
off with such distinctness as to give rise to mistakes as to their actual 
disean<!e. „ .^^j ^.^ GoOqIc 
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" It should not be forgotten tbiit the base of the Wind Biver Moout- 
ains is about 8,000 feet above the level of the ocean, and hence the 
coldness dryness and rarity of the air. Notwithstanding the grea* 
elevation of the region there are some very hot days in summer, though 
the mornings and evenings are cool. 

" The generfd course of the wtnd is from the west, especially when it 
is violent. Thecurrentsare, however, modified by the mountain ranges. 
In some of the higher gorges a strong wind constantly ]>revail8 from 
the west, which is especially the case at Fort Halleck at the foot of 
Medicine Bow Butte, at the main head of Medicine Bow Kiver, This 
fort is at about 8,300 feet above the level of the sea, and situated in a 
pass, with a high mountain ou the south, and elevated land on the 
north. The direction of the wind is continually the same in winter aud 
summer, namely, from the west, or that of the retarti trade, probably 
somewhat niodltied by the conllguratiou of the surface. In the plains 
between the mountains the suuw is immediately blown into the ravines 
by the violent wind, leaving the general surface bare. So constant and 
annoying is the wind that 1 advised that Fort Halleck should he aban- 
doned. It is impossible to secure hay lor the cattle ; as soon as the grass 
is cut it is blown away. For the same reason great care is required in 
drying clothes. • 

" The storms are terrific, aud in some cases, when they occnr, it is im- 
possible to ride against the wind. The suow is extremely fine, mingled 
with air, moving with the currents, aud presenting no appearance of 
falling dakes. It cuts the face like fine sand, and blinds the traveler. 
The horse or mule cannot be made to face the blast, particularly the 
latter, but will always turn from it. 

"The streams, fed by the perpetual snow, are always full in summer. 
In the winter they are frozen solid. Thunder-storms are not frequent, 
but when they occur they are often attended with hail. Tiie quantity 
of water which falls is small. Bvaporization is very rapid. When game 
is killed it can be hung up and soon becomes so dry at the surface that 
flies cannot lay their eggs in it ; a quarter of deer will in this way re- 
main sweet for a week in the warmest weather. The soldiers rely very 
much on deer, buffalo, ducks, and geese, which are readily preser\-ed. 
When going on a march they prepare a supply of what is called Jerked 
meat, which consists of flesh cut into thin strips and placed over a 
smoiddering Are to drive away the insects and afford a small quantity 
of smoke. The meat dries so rapidly that it becomes as hard as a stick 
in the course of two or three days. 

" The most violent storm 1 experienced occurred about the last of 
February, 1802, when we made an excursion to the southwest after the 
Indians, who had made an attack upon the mail-liue and one of the 
mUitary post«. The storm commenced on the third day of the journey. 
It was not very severe at first, hut increased in intensity until the third 
day of its continuajice, when it was tiuly terrific. The party cousisted 
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of one hundred men ; two were frozen to deatb, and upward of thirty 
badly frostbitten ia their extremities. The snow filled the air to such 
an extent that the coarse could only be followed by keeping at a certain 
angle with the wind, or, in other words, by adopting the direction of the 
wiiid as a coarse of reference. 

"The mule is a leas hardy animal than the horse, and often freezes 
standing, so that at first sight, aAd at a little distance, they appear alive 
and ruminating, but might be pushed over in a solid condition, the legs 
stretched out like the legs of an overturned table. Ia summer the horses 
and mule^ are fed on grass, which is very sweet and nutritious. I 
bad about eight hundred head of oxeu, and one thousand sheep. The 
best meat was that from the old cattle which bad been pastured for 
about a year." 

Behabes. — The f^cts which Colonel Collins bas here stated are inter- 
esting in regard to general meteorology. The existence of the constant 
wind from the west, in these elevated passes, is in strict accordance 
with the assamption of a return trade-wind, giving rise to a constant 
westerly cnrrent at elevated points in the temperate zone. It is this 
wind which carries all the meteorological phenomena eastward in the 
temperate zone, and thus forms the basis of the prediction of the 
weather. 

That the snow should be very fine is also in accordance with the fact 
of the small quantity of moisture in the air and the intense cold. The 
snow, for the same reason, is small in quantity on the plains. The 
absence of thunder-storms is also in accordance with the fact of the 
small amount of moisture in the air. 

The cloud-cap mentioned is probably produced in a similar manner to 
that at Table Monutaiu at the Cai>e of Good Hope, by a moist wind 
blowing over the top of the mountain, which, on ascending to a certain 
elevation, precipitates its moistare in the form of visible vapor, which is 
again dissolved on deaceudiug the other side, producing the appearance 
of a stationary cloud, though it is constantly in the process of forming 
OD one side and dissolving on the other. — [J. H.] 



DISTIirCTIOir BBTWEKN HKNADOES AND TEMPESTS. 

Lamarfc, in a paper published many -years ago in the Jouxnal de 

physique et chimxe, points out the distinctions between a tornado and 

a tempest. The following, according to him, are the characteristics of 

the tornado : 

1. The effects produced at the surface of the earth take place under 
an isolated cloud which moves with the storm, and is in some way con- 
nected with the distarbance of the atmosphere which constitutes the 
pheoomenou. 

2. The tornado moves over the snrikce of the earth in a narrow path. 
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the middle of wbich is inarketl by the greatest destructive effect of the 
motion. 

3. The effects of the toraado at any one place are produced in a very 
short time. It passes over different points of its path with great 
rapidity. 

1. It commences at a given place with a crash, and passes off as sud- 
denly into a calm. 

5. The tornado, even the most violent, seldom lowers the barometer 
bat little, and sometimes produces no appreciable effect in this way. 

6. The tornado is generally accompanied with discharges of electricity, 
with large quantity of raia foiling in a few minutes, and frequently 
with bail, (sometimes in two tracks, one on each side of the path of the 
meteor.) 

Character of tempests according to the same author : 

1. Tempests are of great extent ; they are not accompanied by an 
isolated cloud as is the case with the tornado, but with one of apparently 
unlimited extent. 

2. Moderate tempests continue sometimes ten or twelve hours, while 
the most violent ones in some cases continue thirty-six honrs, with 
slight IntermiHsions in the greatest intensity. 

3. All tempests are connected with the falling of the barometer, even 
to tbe extent in some instances of an inch and a half. 

4. The tempest does not come on suddenly, but manifests its approach 
by a gradual fall of tbe barometer, and an increase of the velocity of the 
wind. 

Bemares. — ^Tfae fact stated in re^rd to the fall of the barometer in the 
case of tbe tempest, and not in regard to the tornado, is very important 
as bearing on the different characters of the two meteors. It would 
appear to indicate that the tornado is not only of limited extent horizon- 
tally, bat also in a vertical direction ; that it consistsofaviolent overturn 
of two strata of different density, the one rushing upward through a cir- 
cumscribed space, and the other descending probably around tbe same 
space, so that tbe sum of the two pressures remains the same, while in 
the case of the tempest the air rises over a large space, and flows over 
at the top of the atmosphere. — [J. H.] 



ACCOUIT OF 1 TOKlflDO WHICH OCOUBBBD IIT SPBDCB GBEKK TALLIT, 
CKNTBE OOVaiT, PENNSILTANIi. 

By the Rev. J. B. Meek. 

Spmce Creek Valley is situated in the Alleghany range, and extends 
in a sontbwest and northeast direction between Tussey's Monntain ou 
the northwest and Bald Eagle Mountain ou the sontheast My resi- 
dence was in the bottom of this valley near the south side. The fore 
part of the day on which the tornado took place was very warm, moist, 
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and snltry, or what is called close. A frieod wbo bad been oar gaest, 
prepared to leave onr house a little after 12 o'clock at dood t« cross 
Bald Eagle Mountaia into Stone Valley, which lies next to Spnice 
Creek Y^ley ou the soath. I had concladed to go with him, when my 
wife advised that, if we did go we should take with ns nmbrellas aud 
overcoats, for she was sore, from the feeliag of the atmosphere, that a 
storm was impendiug. Her waniiog was not disregarded iii reference 
to the protections irom wet and cold, and we had good cause before my 
return to be thankful for her forethought. We left the house about 
half past twelve and commeuced to ascend the side of the valley by a 
steep path on horseback ; the air was very oppressive and onr progress . 
slow. When we got about two-thirds of the way np the side of the 
moan tain we heard heavy thunder at a distance, and saw the reflection of 
vivid lightning in a northwesterly direction from over the other side 
of the dividing ridge which separates the valley in which we were 
from the one next on the north. These indications of a storm con- 
tinued with increasing intensity until we reached the crest of the mount- 
ain, when, turning around, we were presented with the appearance of a 
dark circumscribed cloud at a distance of about eight or nine miles. It 
occupied about 15 or 20 degrees of the horizon, and exhibited such an 
nnnsnal and threatening appearance that we almost involuntarily re- 
mained stationary, as if spellbound by the phenomenon. It was very 
dense, and strangely agitated by a rapid vertical commotion near the 
middle of the mass, while it was almost incessantly traversed with dis- 
charges of electricity in different directions, mostly vertical)}', accom- 
panied with heavy peals of thunder. Its direction of motion was 
diagonally across the valley from the uortbwest to the southeast. As 
it came over the crest of the opposite monntnin it appeared to tonch 
the surface of the ground ; no clear sky was seen between it and the 
earth. From the crest of the ridge it seemed to precipitate itself sud- 
denly down the slope of the mountain, and almost instantly to bide iiom 
oar view all objects on that side of the valley ; as it came near our 
point of view the character of the internal commotion became more 
apparent, and when it was directly opposite us, or in that point of its 
path which was at right angles to our line of vision, we peroeived that 
the wind, which before, while the clond was approaching us, had been 
blon-ing from as toward the tornado, was now moving in the opposite 
direction, and that the commotion in the interior of the cloud was much 
more astonishing. It consisted of a violent and very rapid shooting 
upward in the middle, turning outward and downward on the exterior 
of columns of mist. The velocity of the upsbooting columns was ex- 
ceedingly great, even as they appeared from onr poiut of view at a dis- 
tance of four miles. The mass of the cloud had a dark leaden hue, but 
the tops of the upmoving columns, where they projected above the gen- 
eral surface, were white. The whole presented the appearance of a boil- 
ing caldron violently agitated. When the tornado was din 
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site to as it did not appear as dark as wbea it was approacbiag as, 
wliioh woatd iudicate that it was not of equal dimensions, but of greatex 
'width in the line of its motion. 

The rooTemeot of the tornado across the valle? was exceeding 
rapid ; it did not oconpy certainly thirty minates in travorsing a line 
nearly straight of abont fifCeeD miles in length. The ridge of the mount- 
ain on the side of which we stood was not above 600 feet above the 
bottom of the valley, and the storm-clond did not appear more tfaao 
doable that height above us. During the passage of the tornado our 
ears were constantly impressed with a heavy roaring sound, like that 
of the Falls of Niagara, in unison with which peals of thunder in 
rapid soecession were mingling. The cloud appeared to be generated 
in place as the tornado advanced; indeed. It might be likened to 
an immense locomotive-engine passing rapidlyH>ver the valley, belching 
forth smoke and steam. After the tornado had disappeared over the 
opposite ridge, the whole valley was left covered with a cloud, from 
which rain contiuued to fall daring the night. 

The path of the tornado was marked on the ground of the bottom at 
the valley by prostrate trees and other evidenoes of violent action. It 
was variable in width, being ft'om 100 to 160 yards across. The trees 
were mostly thrown down on each side of the axis of the path, a 
larger number on the north side than on the soath, about, perhaps, ia 
the ratio of three to one. The path was generally straight and of uni- 
form width, with occasional short bends, as if the tornado had in some 
places made a sudden lateral movement. Altfaongh the principal vio- 
lence of the meteor was confined to the breadth mentioned, yet on each 
Bide, for a quarter of a mile,trees were thrown down in the direction in 
which the storm was advancing. The effects on the northern side ca 
slope, where the tornado entered the valley, were scarcely perceptible, 
while on the southern sli^>e, or where it left the valley, they were veay 
mailed. On the northern side it apiteared to leap down trom above to 
the bottom of the valley immediately below; at this point its first 
prominent mark was made upon a mill-pond, which it entirety emptied 
of water, sweeping it completely out, and even throwing up ftom tlie 
bottom sticks and stones which had long been sunk in the mud. The 
most striking effects were, however, those produced in the lowest parts 
of the valley, some traces of which conld be seen several years after- 
ward. Its fury was not spent in Spruce VaJley, but it left traces of its 
power for at least twenty miles ou tbe other side of the ridge, in tlie 
adjacent valley. 

Bedubkb. — The account of tills tornado, 'which was observed from a 
very nnasually favorable position, is very instructive in regard to the 
cause of the phenomenon. The two causes to which these remarkable 
commotions of the atmosphere have been referred, are electricity and a 
disturbance of the pneumatic equilibrium of the atmosphere due to an 
abnormal condition in regard to temperature and moistore. It is .true 
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that intense electrical excitement generally nocompanies toniiuloes ; bnt, 
vbile it 18 easy to see how this may be the effect of s commotioD of the 
atmoHpherp, it is very difficult to understaud, od the known principles 
of electricity, bow it can be the cause of such violent' phenomena. 
Electricity generally exists in nature in a state of equilibrium, and the 
discharges which we witness are due to the restoration of the equili- 
, brinni, while, on the other band, as it appears to me, all the phenomena 
which are exhibited find a ready explanation on well-known thermal and 
pneumatic principles. Let us first consider the condition of the atmos- 
phere i>revionfl to the coming on of the tornado. The air was close 
and snltry; that is, it was surcharged with moisture, which, absorbing 
the rays of the sun, rendered it unutiually warm and abnormally light. 
If, in this condition, wesupposeastratnmof colder wind &om the north- 
west, the (tirectioD from which the meteor moved, to be passing above, 
we shall have a condition of atmosphere jiossoasiug the potential energy 
requisite to prodace the phenomena observed. As the upper wind passed 
over the earth at a considerable elevatior, the natural equilibrium would 
be disturbed, a heavier stratum being above, a lighter one below. The 
equilibrium would be of an nnstable character, and the slightest irreg- 
ularity at a given spot would induce the rushing up of the air at the 
point of least resistance, and a descent around this point of the heavier 
stratum. The column of agitation would be more circumscribed if a 
whirling motion were given the mass, and the whole woald be carried 
forward by the motion of tbe upper current. The moist air would rush 
in below from all sides, and, ascending in the vortex and mingling with the 
colder stratum above, wonld instantly be converted iuto visible vapor. 
If tho moist stratum bad been sufflcientiy thick and tlie upward motion 
sufficiently violent to carry the vapor above the aaow-liue of the lati- 
tude of the place, tbe dropts of water would have been frozen, and 
probably thrown out on each side of the vortex, giving rise to two 
tracks of hiul. According to tliis hypothesis the electricity is due to 
the condensation of the vapor, or, more definitely, to the formation of a 
verticiU water-conductor, of which the natural electricity is disturbe<l 
by the induction of tlie plus electricity of space, and the minus elec- 
tricity of that of tbe earth below. The great mechanical effects which 
are exhibited in tornadoes are readily accooated for on the principle of 
coQtinaed pressure or a saccessioo of ilmpulses, as an illustration of 
which we may mention tbe effect producetl by blowing on a light ball 
Id a hollow tube. In this case tbe ball is followed by a continued pres- 
sure ftom one end of the tube to the other ; at every moment it receives 
a new impalse, which it retains by it« own inertia, and finally leaves 
tbe tube with the accumulated effect of tbe force which is applied to it 
through its whole course. In like manner, astratum of air set in motion 
by tbe removal of pressure in front of it, while a pressure is continued 
in the rear, is impelled forward with an accumulating velocity, and 
floally acquires an energy sufflcieat to overcome obstacles oE aatoid^uig 
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resistauce. Tbe resalts wOl be the less sorprisiDg vben we recollect that 
a cnbio yard of air at the sniface of tbe earth wei^s about two poonda 
avoirdupois, and that, cousequently, a stream of this fluid a quarter 
of a mile long, moTiog with high velocity, most possess an immense 
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In atuwer U> a Utter on the iiibjeet. 

Since the form of the orbit of tbe earth is affected by the attraction 
of Yenus and the other planets, as well as by our satellite the mooD, 
they must in some degree also affect the form of the atmospheric cover- 
iog of the globe, and tend to produce tides which are of greatest mag- 
nitude when they are in opposition or coqjanction with the sun; bat 
whether these distarbances of the atmosphere or those produced by the 
moon iire of such a character as to give rise to tbe violent atmospheric 
commotions denominated storms, is a question which has long agitated 
the scientinc world. 

Tbe times and pecnliarities of the meteorological occurrences are 
more varied and less definitely remembered than almost any othei^ 
natural pbenomena, and hence tbe lai^ number of different rules for 
predicting the changes of the weather. The only way of accurately 
ascertaining the truth of any hypothesis in regard to atmospheric 
changes, is that of having recourse to trustworthy records of th'e weather 
through a long series of years, and it is one of our objects in collecting 
meteorological statistics at tbe Smithsonian Institution to obtain the 
means of proving or disproving propositions of the character you have 
advanced. 

The moon, being the nearest body to the earth, produces the highest 
tide in the waters of the ocean, and must also produce the greater effect 
on the aerial covering of the earth. It has, however, not been satisfiic- 
torily proved that the occurrence of the lunar rides is connected with 
appreciable changes in the barometrical or thermometrica! condition of 
the atmosphere. The less pressure of the air, at a given place, ot 
account of the action of the moon, Is Just balanced by the increased 
height of the aerial column. 

The priacipal causes of the violent changes of the atmosphere 
are, I think, due to its instability produced by the formation and oon- 
densatiou of vapor. It is not impossible, however, that when the air is 
in a very unstable condition on account of the heat and utoistare of tlie 
lower strata, that the aerial tide may induce an overturning of the 
tottering equilibrium at some one place in the northern or sonthem 
hemisphere more unstable than the others, and thus commence a storm 
which, but for this extraneous cause, would not have hapitened. To 
detect, therefore, tbe inflneuce of the moon, it will be necessary to com- 
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pare simaltaneoosly tfae records or the weather from day today through- 
ont all the.Dorthem luid southern temperate zones, and to ascertain 
vbetfaer the maximum of these chaoges have any fixed relation in time 
to the changes of ttie moon. The &iot that the problem has not been 
considered from this XH)int of view, may acconnt for the failure, in the 
Btndy of a series of records at a single place, to fonush evidence of the 
action of the moon. 

The changes of the moon take place at a given moment on every part 
of the earth ; .the greatest effect of a lunar tide onght^ therefore, to be felt 
in succession entirely aroond the earth in the conrse of about twenty- 
foor and one-balf hours. 

The problem, however, has not been solved and cannot be determined 
by soch casoal observations as those which you narrate. I have not 
the least Idea that the attraction of Tenns produces any appreciable 
effect. It is too small to produce a result which would be indicated by 
any of our meterological instruments. 

I am far from subscribing to the justice of your remarlis in regard to 
Mr. Espy, sint» I have a great respect for his scientific character, not- 
withstanding his abberation, in a practical point of view, as to the 
economical production of rain. The fact has been abundantly proved 
by observation that a large fire sometimes produces an overturn in the 
nnstablo equilibrium of the at'mospbere and gives rise to the beginning 
of a violent storm, but it was not wise in him to insist on the possibility 
of turning this principle to an<economical use. — [J. H.] 



cevKEeiioir e? oukb or wixd aivd ipfearanue or the aubobi. 

BT R. T. KNIOBT, or PHII.ADELFBU. 

"An officer of the British navy states that fW>m eleven years' observa- 
tion, six years io the Arctic regions and five years in the north of Scot- 
land, he has ascertained that tremendous gales follow from twelvQ to 
twenty-four hours after the appearance of the aurora borealis.'' I never 
thought proper to call your attention to the above extract ttom the Phil- 
adelphia Ledger of the 4th instant, because it agrees with what I pub- 
lished in 1864, and also in 1865. 

Bekabes. — We have bad frequent commnnicarious from observers 
SDggesting a connection in the time of the appearance of the aurora 
borealis and the occurrence of storms of wind and other meteorological 
phenomena ; but on referring to our records we have never been able to ' 
verify the existence of such connection. Ou the receipt of the foregoing 
communication the records of the Institution were examined in relntion 
to this subject, with the following results : 

1. From the log-book of the brig Advance, Haven's Arctic expe- 
dition, forty-six appearances of the aurora were followed by four 8twvs> 
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2. From the log-book of the yacht Pox, Sir Leopcdd McCIintock^ Arc- 
tic ExploratioD, eigfaty-nine appearaDces of tbe aurora were followed'by 
eighteen Btorms within the time specified in the foregoing rule; or, in 
other words, the cases ia favor of the mle were eighteeo, while those 
agaiust it were seventy-one. 

3. In an examination of the records of the observations of Professor 
Casw^tl at Providence, Bbode Island, it was found that in seventy-two 
cases the assumed mle foiled, while only in seventeen cases did it ap- 
pear to be sustained. — {J. H.j 



ACCOUNT OF i STORM IN BDTLEB COSNTT, KAXS18, JUKE 38, 1811. 

By Wm. Harrison, of Eldorado, Kansas. 

The storm came from the northwest, from the plains, strildng the 
northwest comer of Butler County. It seemed to be about ten or twelve 
miles wide. Many forest-trees were blown down and twisted off*; houses 
and crops were very mauh ipjured or entirely destroyed. The violence 
of the storm seemed to be greatest about the town of Eldorado, in which 
almost every house was more or less ii^jared. I think at least fifty 
bouses were entirely destroyed. The walls of the conrt-bouse, which 
are of stone, withstood tbe storm, but tbe roof, which was of tin, was 
blown olT entire, and covered up a blacksmith -shop abont a hundred 
yards distiint. Many people in Eldorado were injured, and two children 
were killed. Tbe injury was not done by blowing people away, bat by 
dashing them violently to tbe earth. Its violence was so great that no 
one could stand on bis feet. It passed Eldorado in a sontheast direc- 
tion, doing great ir^fury to tbe crops, and blowing down almost ev^ry 
house which was directly in its path. The storm consisted of rain and 
hail as well as of wind. The rain was unprecedented in this region. So 
wooden-bailt house, however well constracted, was proof agaiust its 
driving intensity. The wator in tbe streets of Eldorado was a foot deep. 
I can form no estimate of the damage to buildings, fences, cattle, crops, 
&c., bat it is very great. Almost every one in the path of the storm 
was more or less injured. One bouse was blown down in Chelsea. I 
had a small house in Eldorado which was demolished, a part of it car- 
ried three hundred yards to tbe river, and then carried down the stream. 
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